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PREFACE. 


This  volume  is  intended  to  serve  as  an  elementary  introduction 
to  Science.  It  supplies  such  a  knowledge  of  the  facts  and  laws 
of  Nature  as  is  implied  in  the  expressive  term  Physische  Erd- 
kunde—zn  acquaintance  with  the  physical  phenomena  of  the 
earth. 

The  treatment  is  somewhat  fuller  than  that  adopted  in  some 
elementary  books,  as  I  believe  that  a  meagre  account,  with  a 
single  figure,  of  such  a  subject  as  Volcanoes,  for  example,  only 
leads  to  inaccurate  and  confused  ideas.    Numerous  illustra- 
tions and  maps  have  been  introduced,  as  an  aid  both  to  the 
understanding  and  memory.    Some  of  these  have  been  drawn 
expressly  for  the  book,  while  others  have  been  derived  from 
Rutley's  '  Study  of  Rocks  ' ;  Helmholtz's  '  Scientific  Lectures  ' ; 
Thorpe  and   Muir's   'Qualitative  Analysis';  Peschel  and 
Leipoldt's  'Physische  Erdkunde';  Haughton's  'Lectures  on 
Physical  Geography  ' ;  Ganot's  '  Physics ' ;  Jago's  '  Chemistry ' ; 
Reynolds's  '  Chemistry  ' ;  '  Challenger  Reports,'  vol.  xvi. ;  Chis- 
holm's  '  Geography  ' ;  Treglohan's  '  Magnetism '  ;  Ball's  '  As- 
tronomy ';  Brinkley's  '  Astronomy ' ;  Proctor's  '  Seasons.'  The 
various  instruments   and  apparatus  regarded  as  indispens- 
able by  the  Science  Department,  as  well  as  others  that  are 
necessary  for  effective  teaching,  have  been  carefully  described. 
The  teacher  is  advised  to  make  his  lessons  as  much  experi- 
mental as  possible.    Specimens  of  the  various  rocks  and 
minerals  may  be  obtained  from   several   London  dealers, 
and  the  pupils  will  readily  gather  a  number  of  the  commoner 
ones  for  themselves. 

For  some  information  on  the  Ordnance  Survey  and  its  maps 
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I  am  indebted  to  Lieutenant-Colonel  T.  P.  White,  R.E.,  ^ 
Executive  Officer  of  the  Survey. 

Among  the  books  consulted  in  the  preparation  of  this  work 
may  be  mentioned  :  Ganot's  '  Physics ' ;  Professor  Ball's  '  Ele- 
ments of  Astronomy Dr.  A.  Geikie's  'Text-Book  of  Geology 
the  treatises  on  '  Physical  Geology '  by  Professor  Prestwich 
and  Professor  Green  ;  '  Histoire  Naturelle  des  Pierres  et  des 
Terrains,'  by  Meunier ;  '  Volcanoes,'  by  Professor  Judd  ; 
'  Elementary  Meteorology,'  by  R.  H.  Scott ;  and  the  two  volumes 
of  the  '  Challenger  Reports,'  entitled  '  Narrative  of  the  Cruise, 
with  a  General  Account  of  the  Scientific  Results  of  the  Ex- 
pedition.' Other  obligations  are  acknowledged  in  the  pages 
of  the  book. 

Tn  conclusion,  I  beg  to  express  ray  thanks  to  two  or  three 
friends  for  sorne  assistance  in  reading  over  the  proof-sheets. 

JOHN  THORNTON. 

Albert  Place,  Bolton  : 
February  1888. 


PREFACE  TO  SECOND  EDITION. 

In  this  edition  a  few  corrections  have  been  made  and  some 
additional  matter  brought  in,  but  the  numbering  of  the  para- 
graphs is  the  same  as  in  the  first  edition.  Five  new  illustrations 
have  also  been  introduced  as  well  as  a  series  of  questions  on 
Chapter  XVI.  With  pupils  wholly  unacquainted  with  astro- 
nomical geography,  it  will  be  advisable  to  begin  this  chaptei 
^arly  in  the  course. 


The  Third  Edition  contains  a  short  account  of  recent 
researches  on  Dew,  and  gives  a  simple*  explanation  of  Telescopes. 
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PREFACE  TO  FIFTH  EDITION. 

In  this  edition  I  have  added,  at  the  request  of  several  teachers, 
a  set  of  questions  on  each  chapter.  I  have  also  extended 
the  portion  of  the  appendix  referring  to  some  of  the  common 
astronomical  instruments  and  their  uses.  The  most  recent 
examination  papers  of  the  Science  Department  are  also 
included. 

JOHN  THORNTON. 

Bolton : 

lantiary  1892. 


PREFACE  TO  SEVENTH  EDITION. 

This  edition  has  been  carefully  revised,  and  includes,  among 
other  additions,  a  fuller  account  of  Deep  Sea  Deposits,  derived 
from  a  recent  volume  of  '  Challenger  Reports.'  By  per- 
mission of  the  Controller  of  Her  Majesty's  Stationery  Office, 
illustrations  of  the  Deposits  have  been  given,  as  well  as  a 
Coloured  Map  showing  the  extent  of  the  deposits.  The 
account  of  the  Movements  of  the  Earth  has  been  largely 
rewritten  and  extended. 

J.  THORNTON. 

Bolton  : 

Septe7iiber  1894. 
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PREFACE  TO  EIGHTH  EDITION. 

Several  changes  have  been  made  in  this  edition  consequent 
on  the  revised  syllabus  issued  this  year.  This  syllabus  is 
reprinted  in  the  Appendix,  and  may  serve  as  a  useful  guide 
for  students  preparing  for  examination.  The  new  astronomical 
points  will  be  found  fully  dealt  with  in  Chapter  XVII.,  where 
some  paragraphs  not  now  required  have  been  omitted  to  make 
room  for  this  new  matter.  The  fundamental  principles  of 
Mechanics,  now  included  in  the  syllabus,  are  treated  of  in  the 
Appendix,  and  may  be  read  in  connection  with  Chapter  II. 

J.  THORNTON. 

September,  1 895 . 
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ELEMENTARY  PHYSIOGRAPHY. 


INTRODUCTION. 

1.  Physiography  (Gr.  phitsis,  nature  ;  and  grapho,  I  write), 
according  to  its  derivation,  is  a  Description  of  Nature.  The 
word  Nature  I?,  used  in  several  meanings,  but  in  this  connection 
it  may  be  taken  to  stand  for  the  general  system  of  created 
things,  including  their  constitution  and  properties.  All  the 
objects  and  facts  belonging  to  this  material  world  on  which  we 
live,  as  well  as  the  objects  and  facts  belonging  to  the  other 
worlds  that  occupy  space,  are  included  in  the  word  '  Nature.' 
Hence  we  may  say  that  the  word  '  Nature  '  stands  for  the  world 
and  all  upon  it,  or  even  for  the  universe.  The  sun,  moon,  and 
stars ;  the  sky,  the  clouds,  and  the  wind ;  the  sea,  the  shore, 
and  the  rocks  ;  the  mountains,  plains  and  valleys,  plants  and 
animals,  are  all  comprised  in  the  term  '  Nature '  or  '  Natural 
Objects.'  Even  what  are  called  Artificial  Objects  are  only 
natural  things  shaped  and  altered  by  the  art  of  man. 

2.  By  the  use  of  our  senses  and  by  the  action  of  our  mind 
we  learn  what  the  different  objects  of  the  world  are,  and  what 
are  the  different  properties  or  qualities  that  these  objects  possess. 
In  this  way  we  arrive  at  ideas  of  cause  and  effect  ;  for  we  say 
that  such  an  object  is  the  cause  of  the  sensation  or  effect  that 
we  observe.  The  fall  of  a  stone  when  unsupported,  and  the 
formation  of  a  cloud  in  the  air,  are  effects,  and  it  is  our  aim  to 
find  out  the  cause  or  reason  of  these  phenomena.    (The  Greek 
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word phenomenojt,  plural  phenomena,  is  used  to  signify  appear 
ance,  object,  or  occurrence.)  We  have  all  a  tendency  to 
seek  after  causes,  and  when  we  have  discovered  the  cause  or 
reason  of  any  frequently  occurring  phenomena  we  are  said  to 
have  explained  them.  This  explanation  or  statement  of  the 
general  cause  of  certain  effects  is  often  called  a  Law  of  Nature. 
Thus  it  is  a  law  of  nature  that  an  unsupported  body  falls  to 
the  ground  ;  it  is  a  law  of  nature  that  at  the  ordinary  summer 
temperature  of  the  air  water  is  a  liquid,  but  that  when  the 
temperature  falls  below  a  certain  point  it  becomes  a  solid. 
Accurate  and  systematic  knowledge  of  the  various  laws  of  nature 
forms  what  is  called  Science  ;  and  this  is  acquired  by  careful 
observation,  experiment,  and  reasoning. 

3.  Now  the  study  of  nature  is  a  very  wide  and  extensive 
study,  and  although  all  knowledge  is  connected,  yet  for  the  sake 
of  convenience  it  is  divided  into  various  branches  or  depart- 
ments. Among  these  branches  or  sciences  we  have  physics, 
astronomy,  chemistry,  geology,  and  biology.  The  physical 
sciences  are  often  spoken  of  under  the  term  Natural  Philosophy, 
and  embrace  mechanics,  which  treats  of  force  and  motion,  and 
the  sciences  of  heat,  light,  electricity,  and  magnetism.  Astro- 
nomy is  the  science  which  treats  of  the  heavenly  bodies,  and 
among  other  things  gives  an  account  of  the  earth  as  a  member 
of  the  solar  system  ;  chemistry  deals  with  the  composition  of 
substances  and  the  combinations  of  different  kinds  of  matter ; 
geology  furnishes  information  regarding  the  arrangement  and 
history  of  the  materials  forming  the  crust  of  the  earth  ;  while 
biology  or  Jiatural  history  gives  an  account  of  the  phenomena 
of  life  both  vegetable  and  animal,  the  account  of  vegetable  life 
constituting  the  science  of  botatiy,  .and  the  account  of  animal 
life  being  called  zoology. 

It  is  plainly  impossible  to  give  in  one  small  book  anything 
like  a  complete  account  of  these  different  sciences.  But  we 
can  endeavour  to  learn  some  of  the  most  important  facts  and 
laws  from  those  that  come  under  our  daily  notice.  Such  a 
rudimentary  course  of  instruction  in  science,  such  a  general 
description  and  explanation  of  common  natural  phenomena,  is 
what  is  meant  by  Elementary  Physiography. 
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CHAPTER  I. 
MATTER  AND  ITS  PROPERTIES. 

4-  '^^iitx.—Matter  is  the  name  given  to  anything  that  can 
affect  any  of  our  senses,  to  anything  that  possesses  weight,  to 
anything  that  can  receive  or  communicate  motion.  The  stones, 
soil,  and  grass  on  which  we  walk,  the  water  or  other  liquid  that 
we  drink,  the  gas  we  burn,  and  the  air  we  breathe,  are  all  forms 
of  matter  or  material  things.  Although  we  cannot  see  the  air 
we  can  feel  it,  and  it  often  exerts  so  much  force  when  in  motion 
that  It  carries  away  or  blows  down  the  visible  objects  before 
our  eyes.  The  words  thing,  object,  body,  substance,  are  some- 
times used  instead  of  the  word  matter. 

S.  Every  material  object  possesses  certain  qualities  or  properties  We 
learn  these  properties  by  the  use  of  our  senses,  the  senses  being  sometinVes 
assisted  by  suitable  instruments.    If  we  take  up  a  pebble  from  fheTed  of  a 
stream  er  from  the  sea-shore  and  examine  it,\ve  find  that  i   is  grey  (o? 
some  other  colour),  that  it  is  of  a  certain  size,  that  it  is  round,  thafi  l 
hard  that  it  will  not  burn,  and  that  it  will  break  into  pieces.  We  then  av 
l^vL-Kir'r''  M  '  properties  of  roundness,  hardness,  incombustibSity^ 
divisibility  &c     Now  examine     the  same  way  a  piece  of  bread.   It  ta l  es 
up  space  like  he  pebble,  and  will  break  into  pieces,  but  it  is  ^ft  it  wfll 
burn,  and  it  is  full  of  little  visible  holes  or  Wes.    Hence  we  see  tha 
hardness   whiteness,  combustibility,  &c.,  do  not  belong  to  all  kinds  o 
matter,  but  only  to  some  kinds.  We  call  these  properties  specific  properties 
but  those  qualities  which  belong  to  a// matter  are  called  ,™/pro^pe  £ 
of  matter.    General  properties,  then,  are  those  which  are  con  n^onto  al 
bodies  whether  in  the  solid,  liquid,  or  gaseous  state.  The  most  importan 
of  these  general  properties  of  matter  are  Extension,  Impenetrabi litv 
Divisibility,  Porosity,  Inertia,  and  Weight.  pcneiraDUity, 

.nnS  ^.f  the  property  which  matter  possesses  of  occupying 

E;h,'i:;,xitr       "^"^  ^^^p^  "^^^ 

7;  ^°^P«f^«*^^^;iity  is  that  quality  of  matter  in  virtue  of  which  it  takes 
tip  room  to  the  exclusion  of  other  matter.   It  means  that  two  bodies  canno 
take  up  the  same  space  at  the  same  time.    Strictly  speaking,  this  proper°v 
only  applies  to  the  molecules  or  smallest  particles  of  bodies  ^  ^  ^ 

r"',      f  ^^'^  ^^"^      divided  into  smaller  parts 

We  can  break  a  stone  into  pieces,  and  then  crush  these  pieces  into  powder 
Gold  IS  so  malleable  that  it  can  be  beaten  out  into  leaves  so  thifthat  i 
takes  300,000  to  produce  the  thickness  of  an  inch.    A  himp  of  sugar  m4 

Sroo  '' T^h^     '  T''^  ^  P-ti°"  «f  it^exists  fn  every 

K"  o^c°Pe  teaches  us  that  chalk  is  made  up  of  very  smaH 

shell  ,  and  that  each  of  these  shells  is  built  up  of  minute  ^particles  wWch 
the  chemist  calls  calcium  carbonate.    Notwithstanding  this  ext  erne  cTiv 
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bility  we  believe  that  there  is  a  limit  to  this  property.  When  we  come^to 
consider  chemical  action  we  shall  see  that  there  is  reason  to  believe_  that 
all  the  elementary  bodies  are  composed  of  extremely  minute  indivisible 
parts  called  atoms,  and  the  term  molecule  is  given  to  the  smallest  cluster  of 
atoms  composing  any  substance  which  can  exist  by  itself. 

9.  Porosity.— Many  bodies,  like  bread,  pumice-stone,  coral,  sponge, 
cork,"  &c.,  have  visible  spaces  or  intervals  between  the  particles  of  which 
they'  consist.  These  spaces  or  interstices  are  called  pores.  Sometimes 
the  pores  can  be  seen  with  the  unassisted  eye,  as  in  the  above  ;  at  other 
times  the  aid  of  a  microscope  is  needed,  or  some  experiment  must  be 
made  to  prove  that  pores  exist  in  a  body.  If  a  piece  of  chalk  be  thrown 
into  water,  air  bubbles  rise  to  the  surface,  the  air  being  dnven  out  of  the 
pores  by  the  water  absorbed.  And  since  all  bodies  are  compressible, 
that  is  can  be  made  to  diminish  in  volume,  and  since  contraction  or  ex- 
pansion results  from  variations  of  temperature,  it  is  believed  that  there 
are  vacant  spaces  between  the  constituent  molecules  of  all  matter.  In  the 
chapter  on  Heat  we  shall  learn  that  the  volume  of  bodies  can  be  more  easily 
^  diminished  by  cool- 

ing than  by  pressure. 
Gases  are  the  most 
compressible  bodies, 
solids  the  next,  and 
liquids  the  least 
compressible.  This 
property  of  porosity 
is  made  use  of  in 
Fig.  I.— Mode  of  folding  a  Filter  Paper.  the  process  called 

filtration.  This  consists  in  separating  from  liquids  the  various  solid  par- 
ticles which  they  hold  in  suspension.  These  particles  are  too  large  to  pass 
through  the  pores  of  the  filter,  which  is  usually  constructed  of  layers  of  sand, 
compressed  charcoal,  unsized  paper,  &c.  Deep  well  water  is  clear  because 
it  has  been  filtered  through  layers  of  earth. 

10.  Experiments  on  Filtration  and  Evaporation.— Take  up  a  glass 
of  turbid  water  from  a  stream  or  well  and  let  it  stand  for  a  time  ;  we  find 
that  some  of  the  muddy  particles  settle  as  a  sediment  on  the  bottom  of  the 
glass.    The  clearer  water  can  then  be  poured  off,  or  decanted,  as,  it  is 
tailed.    But  this  method  of  decantation  does  not  often  render  the  liquid 
quite  clear,  for  some  of  the  lighter  solid  particles  still  remain  suspended  m 
the  water.    Now  take  a  flower-pot,  and  into  the  hole  at  the  bottom  place 
a  piece  of  cork  through  which  a  small  piece  of  glass  tubing  just  passes. 
After  placing  a  small  piece  of  sponge  on  the  inside  over  the  tube,  put  in  a 
layer  of  small  pebbles,  and  then  half  fill  the  pot  with  clean  white  sand. 
Now  take  up  some  muddy  water  and  pour  it  on  the  sand.    In  passing 
through  the  pores  between  the  particles  of  sand  the  suspended  mucl  gets 
separated,  and  the  water  runs  out  clear.    If  we  could  fit  a  P^ece  of  cha  k 
or  sandstone  tightly  into  the  flower-pot,  water  might  be  Altered  through  it 
But  the  chemist  usually  filters  in  the  following  way.    He  takes  a 
circular  piece  of  unsized  filter-paper,  and,  after  folding  it  twice,  opens  it 
out  into  a  cone,  so  that  three  folds  of  paper  are  on  one  side  and  one  on  t^ie 
o  her     He  then  places  it  into  a  glass  funnel,  and  pours  the  liquid  on  the  filter 
down  a  glass  rodf  In  this  way  all  the  solid  particles  m  suspension  are  re- 
moved and  left  behind  on  the  filter-paper  and  the  liquid  •^"n^^^^^^^ 
pores  of  the  paper  and  comes  out  clear.  This  clear  liquid  is  called  the//^;  ate. 
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II.  Evaporation— It  must  be  carefully  noted  that  the  process  of 
filtration  only  removes  the  solid  particles  held  suspended  in  the  liquid.  If 
the  water  hold  any  substance  in  solution,  this  is  not  removed  by  filtering. 
Take  some  sand  and  common  salt,  or  powdered  chalk  and  salt,  and  stir  up 
in  a  glass  of  water.  The  salt  dissolves,  and  the  sand  or  the  chalk  does 
not  dissolve.    On  filtering,  we  can  remove  the  sand  or  the  chalk  which 


this  way  we  have  learnt  ( i )  that  the  solid  particles  held  in  suspension  in 
water  may  be  partly  removed  by  letting  the  water  stand  still,  so  that  the 
heavier  particles  may  settle  as  a  sediment ;  (2)  that  all  the  suspended 
matter  may  be  removed  by  careful  filtration  ;  (3)  that  the  matter  dissolved 
in  the  water  cannot  be  removed  by  filtration,  but  that  it  may  be  recovered 
by  evaporation. 

1 2.  Inertia  (Lat.  iners,  inactive),  or  vis  inertia,  is  the  name 
given  to  that  negative  quahty  of  matter  whereby  it  is  incapable 
of  changing  its  state  of  rest  or  motion  ;  of  itself  it  cannot  either 
begin  to  move,  or  change  either  the  speed  or  the  direction  of 
its  motion  if  it  has  any.  The  body  of  course  is  understood  to 
be  lifeless.  This  property  is  sometimes  spoken  of  as  Newton's 
first  law  of  motion,  or  the  law  of  inertia.  It  may  be  stated 
thus  : — 

'  When  a  body  is  not  acted  upon  by  any  external  force,  if  it  be  in  a 
state  of  rest  it  will  continue  so,  and  if  it  be  in  motion  it  will  continue  to 


will  be  left  on  the  filter-paper,  but 
the  clear  liquid  that  runs  through 
still  tastes  salt.  To  separate  the 
salt  from  the  water  we  must  pour 
the  liquid  into  a  small  china  basin 


Fig.  2.— Method  of  Filtering. 


Fig.  3.— Evaporation  to  recover 
Dissolved  Matter. 
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move  in  a  straight  line' with  uniform  speed.'  Our  daily  observation  showp 
us  that  when  anything  is  at  rest  it  does  not  begin  to  move  of  itself.  Some- 
times a  body  in  falling  down  appears  to  move  of  itself.  This  is  not  so  ; 
for,  as  we  shall  presently  see,  it  is  acted  on  by  a  force  called  gravity.  A 
little  consideration,  too,  will  enable  us  to  see  it  will  continue  to  move 
uniformly  unless  acted  upon  by  some  external  force.  A  cricket  ball  sent 
rolling  along  the  grass  soon  comes  to  rest,  on  account  of  the  resistance  it 
meets  with  in  passing  through  the  air  and  over  the  uneven  surface.  Send 
it  along  a  smooth  sheet  of  ice  and  it  goes  further  still,  and  keeps  the  same 
direction  unless  turned  aside  by  some  obstacle.  Replace  the  cricket  ball 
by  a  smooth  ball  of  ivory  of  the  same  weight,  and  it  goes  still  further, 
because  the  resistance  of  friction  is  less.  The  more  we  diminish  the 
resistance,  the  longer  and  further  does  the  ball  travel  in  the  same  direction  ; 
and  thus  we  may  conclude  that  if  all  resistance  were  removed,  the  motion 
would  continue  in  the  same  direction  for  ever.  Bodies  are  said  to  be  at 
rest  when  they  constantly  keep  the  same  position  in  space  ;  they  are  said 
to  be  in  viotion  when  they  are  undergoing  a  change  of  position.  But  no 
body  is  absolutely  at  rest.  The  earth  and  its  atmosphere  together  form 
one  body,  and  it  is  at  the  same  time  turning  on  its  axis  and  moving  round 
the  sun.  Thus  all  bodies  on  the  earth  may  be  said  to  be  in  motion.  _  But 
when  bodies  are  said  to  be  at  rest,  it  is  usually  meant  that  they  maintain 
the  same  position  in  relation  to  the  other  objects  on  the  earth's  surface. 
In  this  sense  a  house  or  a  tree  is  at  rest,  while  a  moving  cricket  ball  or  a 
galloping  horse  is  in  motion. 

Illustrations  of  Inertia.— \{  a  man  be  riding  in  a  carriage  which 
suddenly  stops,  he  is  thrown  forwards,  because  he  continues  in  his  state  of 
motion  after  the  carriage  itself  has  stopped.  If  he  be  on  horseback  and 
the  horse  start  off  suddenly,  the  man  falls  backwards,  because  of  the 
tendency  to  preserve  his  state  of  rest.  A  horseman  on  suddenly  turning  a 
corner  leans  towards  the  corner,  in  order  to  prevent  being  thrown  off  in 
the  direction  of  his  previous  motion.  If  we  wish  to  jump  over  a  small 
brook  we  take  a  run,  that  the  onward  motion  of  our  bodies  may  be  added 
to  the  muscular  effort  that  we  make  at  the  moment  of  jumping. 

13.  Weight.— The  last  of  the  general  properties  mentioned  was  weight. 
Although  we  speak  of  heavy  bodies  and  light  bodies,  yet  the  difference 
is  only  one  of  degree.  All  bodies  have  weight,  but  some  have  much  more 
than  others  when  we  compare  them  bulk  for  bulk.  A  piece  of  iron  is 
much  heavier  than  a  piece  of  wood  of  the  same  size.  Gases  like  the  air 
have  weight.  A  hollow  glass  globe  holding  a  cubic  foot  weighs  nearly  an 
ounce  and  a  quarter  more  when  it  is  full  of  air  than  it  does  when  exhausted 
of  air.  Now  the  weight  of  a  body  is  only  the  result  of  the  earth's  attrac- 
tion on  the  particles  of  the  body.  There  is  an  invisible  force  which  the 
earth  exerts  on  all  bodies,  by  which  it  attracts  or  draws  them  towards 
itself.  This  attraction,  called  gravity,  gives  rise  to  the  -Might  of  a  body 
which  is  supported,  and  to  the  fall  of  a  body  which  is  unsupported  ;  and 
we  call  this  attraction  the  attraction  of  gravitation  (Lat.  gravitas,  weight). 
Hence  we  see  that  the  weight  of  a  body  is  its  downward  pressure  caused 

by  the  force  of  gravity.  ,        .    .  , 

Until  the  time  of  Newton  this  property  of  gravitation  was  only  con- 
sidered as  belonging  to  the  earth.  But  he  extended  the  idea,  and  showed 
that  not  only  did  the  earth  attract  bodies  towards  its  centre,  but  each  body 
exerted  a  pull  on  the  earth.  Further,  Newton  showed  that  all  bodies  in  the 
universe  attract  one  another  ;  the  earth  attracts  the  sun  and  the  moon,  and 
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the  sun  and  the  moon  attract  the  earth.  Hence  it  was  found  that  every 
particle  of  matter  in  the  universe  attracts  every  other  particle,  and  thus 
gravitation  was  shown  to  be  universal.  We  will  now  proceed  to  discuss 
this  force  more  particularly,  and  to  state  the  laws  of  its  action. 


CHAPTER  II. 
■  GRAVITATION  AND  SPECIFIC  GRAVITY— COHESION 
AND  CHEMICAL  AFFINITY. 

14.  Gravitation.— In  order  to  understand  the  laws  of  gra- 
vitation it  is  necessary  to  get  clear  ideas  of  some  of  the  terms 
used  in  stating  the  laws.  Hence  we  proceed  to  make  a  few 
definitions. 

Force  is  any  cause  which  changes  or  tends  to  change  a  body's  state  of 
rest  or  motion.  It  is  measured  by  the  number  of  units  bf  force  (one  pound) 
that  It  will  sustain.  Forces  may  be  represented  in  magnitude  and  direction 
by  straight  lines.  Force  has  a  twofold  nature,  being  always  the  mutual 
action  of  tiuo  bodies  against  one  another,  and  the  amount  of  the  force  is 
exactly  equal  to  the  amount  of  resistance.  We  therefore  say  that  action 
and  reaction  are  equal  and  opposite. 

Density  means  the  closeness  with  which  the  particles  of  a  body  are 
packed  together.    As  the  density  depends  on  the  weight  of  the  molecules 
composing  a  body,  and  on  the  compactness  or  closeness  of  these  molecules 
the  specific  gravity  is  in  proportion  to  the  density,  and  may  be  taken  as  I 
measure  of  the  density. 

Volume  or  magnitude  is  the  amount  ot  space  occupied  by  a  body 

Mass  is  the  quantity  of  matter  contained  in  a  body,  and  varies  as  the 
product  of  the  volume  and  density  of  a  body. 

15.  We  have  seen  that  gravitation  is  universal,  that  is,  that 
every  particle  of  matter  in  the  universe  attracts  every  other 
particle.  Let  us  confine  our  attention  to  the  mutual  attraction 
of  the  earth  and  the  bodies  on  or  near  its  surface.  This  is 
sometimes  called  terrestrial  gravity,  or  simply  gravity  ;  the  term 
gravitation  being  applied  to  the  attraction  exerted  between  the 
heavenly  bodies.    It  is  a  particular  case  of  universal  attraction. 

16.  If  every  particle  attract  every  other  particle,  why  do  we  not  see  two 
suspended  balls  conie  together  ?  The  reason  is  that  the  attractive  force  of 
tile  earth  on  the  balls  is  so  very  great  compared  with  that  of  the  balls  on 
each  other,  that  this  latter  is  not  perceptible.  But  if  only  these  two  balls 
existed  in  the  universe  they  would  begin  to  approach  one  another,  and 
would  finally  meet.  This  leads  us  to  the  first  part  of  the  law  of  gravitation 
—  Ike  force  of  gravitation  varies  directly  according  to  the  product  of  two 
masses.  This  is  plain;  for  if  every  particle  exert  its  attractive  influence, 
the  more  particles  a  body  contains  the  greater  will  be  the  attraction.  A 
Dody  which  contains  twice  as  much  matter  as  another  is  attracted  or  drawn 
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towards  the  centre  of  the  earth  with  twice  the  force— that  is,  it  will  have^ 
twice  the  weight  of  the  other ;  if  its  mass  be  five  times  as  great,  then  it 
will  be  attracted  with  five  times  the  force,  that  is,  it  will  have  five  times 
the  weight  of  the  other.  Hence  we  see  how  it  is  that  the  earth  exerts  such 
an  overwhelming  attractive  force  as  to  draw  all  bodies  towards  its  centre, 
its  mass  being  so  very  great  compared  with  that  of  any  single  body  on  its 
surface.  If  the  mass  of  the  earth  were  only  half  what  it  is,  its  attractive 
force  would  only  be  half  as  great ;  on  the  other  hand,  if  the  mass  of  the 
earth  were  twice  what  it  is,  then  the  attraction  of  gravitation  at  its  surface- 
would  be  twice  great.  It  may  be  said  that  such  things  as  smoke, 
vapour,  and  balloons  filled  with  light  gas  ascend.  They  do  this  simply 
because  they  are  lighter,  bulk  for  bulk,  than  air,  and  therefore  the  earth 
attracts  the  air  with  greater  force  than  it  attracts  the  lighter  bodies,  and 
the  heavier  air  pushes  them  up  until  they  reach  a  layer  of  air  of  the  same 
density  as  themselves.  For  the  same  reason  a  piece  of  cork,  when  held 
ander  water  and  then  released,  rises  to  the  top. 

17.  The  second  part  of  the  law  of  gravitation  teaches  us  that  the  force 
of  gravity  varies  inversely  as  the  square  of  the  distance.  This  means  that 
if  for  any  two  bodies  the  distance  be  doubled,  the  attraction  between  them 
is  diminished  four  times ;  if  the  distance  be  trebled,  the  force  of  attraction 
is  diminished  nine  times ;  if  the  distance  be  increased  ten  times,  the  force 
of  attraction  is  diminished  one  hundred  times ;  and  so  on. 

2^  =  4,  and  invert  =  f;  3^  =  9,  and  invert =§; 
io-=  100,  and  invert  =  j^. 

18.  Since  the  attractive  force  of  the  earth  must  be  calculated  from  its 
centre,  and  since  the  equatorial  diameter  of  the  earth  is  greater  than  the 
polar  diameter,  the  force  of  gravity  at  the  poles  must  be  greater  than  at 
the  equator,  bodies  there  being  at  a  less  distance  from  the  centre. 

Thus,  in  the  figure,  O  E  is  greater  than  O  C,  and  still  greater 
than  O  P.    There  is  also  another  reason  why  the  attractive 


Fig.  4.— Showing  Polar  Radius  P O  less  than  Equatorial  Radius  EO  or  E'O,  also 
showing  direction  of  vertical  lines  dO,aO,bQ),  and  C  O. 

force  is  greater  at  the  poles.  The  rotation  of  the  earth  on  its 
axis  gives  rise  to  a  centrifugal  force  which  tends  to  drive  bodies 
off  its  surface.    Now  this  centrifugal  force  decreases  as  we  get 
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nearer  the  poles,  the  velocity  there  being  less.  Hence  the 
weight  of  a  body  increases  as  we  pass  from  the  equator  to  the 
poles.  This  increase  could  not  be  detected  by  an  ordinary 
balance,  for  gravity  would  act  in  the  same  way  on  both  the 
weights  and  the  body  to  be  weighed.  It  can  be  detected  by  a 
delicate  spring  balance,  called  a  dynamometer,  for  the  given 
mass  would  cause  the  spring  to  move  through  a  greater 
distance  at  the  poles  than  at  the  equator. 

19.  The  direction  taken  by  a  body  falling  freely  towards  the  earth  is 
called  the  vertical,  and  the  vertical  lines  at  different  points  of  the  earth's 
surface  when  prolonged  meet  at  the  centre  (see  fig.  4). 
But,  owing  to  the  great  distance  of  the  surface  from  the- 
centre,  these  verticals  may  be  considered  parallel  for 
points  situated  close  together  as  at  a  and  b.  But  the 
further  the  points  are  apart  the  more  do  the  lines  depart 
from  being  parallel,  till,  as  the  earth  is  spherical,  at 
points  exactly  opposite  the  two  lines  are  in  inverted  posi- 
tions. Places  on  the  surface  of  the  earth  diametrically 
opposite  each  other  are  called  antipodes  (Gr.  anti, 
against;  and  pom,  podos,  foot).  A  mason  finds  the 
vertical  line  by  letting  a  plumb-line  or  plummet  (which  is 
only  a  cylindrical  weight  fastened  to  a  string)  come  to 
rest  under  the  action  of  gravity.  The  surface  at  right 
angles  to  the  vertical  is  said  to  be  horizontal.  The  surface 
of  still  water  is  horizontal. 

20.  We  may  now  state  the  law  of  gravitation 
as  follows  :— '  Every  particle  of  matter  in  the  fig.  5. 
universe  attracts  every  other  particle  with  a  force  ^dynamometer. 
whose  direction  is  that  of  the  line  joining  the  two,  and  whose 
magnitude  is  directly  as  the  product  of  their  masses,  and  inversely 
as  the  square  of  their  distance  from  each  other.''  Thus  if  the 
mass  of  one  body  be  six  times  a  certain  unit,  and  the  other 
body  nine  times,  the  whole  attraction  would  be  represented 
by  6  X  9  =  54  ;  but  if  the  distance  were  increased  three  times, 

6x9  _ 


the  attraction  would  then  be  represented  by 


6. 


2.1.  All  bodies  fall  in  a  vacuum  with  equal  velocity.  This  roust  be  so 
accordmg  to  the  law  just  stated,  for  if  gravity  pulls  at  a  ten-pound  weight 
with  ten  times  the  force  that  it  pulls  at  a  one-pound  weight,  yet  it  has  ten 
times  as  much  matter  to  move.  It  was  at  one  time  thought  that  a  ten- 
pound  weight  would  fall  to  the  ground  ten  times  as  fast  as  a  one-pound 
weight,  that  two  bricks  fastened  together  would  fall  twice  as  fast  as  one  of 
the  same  size.  But  the  Italian  philosopher  Galileo  took  bodies  of  different 
weight  and  of  about  the  same  density  to  the  top  of  the  tower  of  Pisa,  and 
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showed  that  they  reached  the  ground  at  the  same  time  as  nearly  as  possible  ^ 
when  let  fall  together.    It  is  true  that  if  we  take  a  feather  and  a  sovereign 

and  let  them  fall  from  a  height  together,  the 
sovereign  reaches  the  ground  first.  But  this  is 
due  to  the  greater  resistance  of  the  air  on  the 
feather,  for  it  is  much  larger  than  the  coin  com- 
pared with  its  weight.  If,  however,  we  take  a 
tall  jar  and  exhaust  the  air  by  means  of  an  air- 
pump,  and  then  contrive  to  drop  the  coin  and 
the  feather  from  the  top  of  the  jar  at  the  same 
time,  they  will  reach  the  bottom  at  the  same 
time.i 

22.  Specific  Gravity.  —  Specific  gravity 
means  comparative  weight.  .We  often  speak  of 
bodies  as  heavy  and  light.  Thus  we  say  that 
iron  is  a  heavier  substance  than  cork.  Here 
there  is  evidently  some  comparison  implied,  for 
we  do  not  mean  that  a  small  iron  ring  is  heavier 
than  a  large  strip  of  cork.  We  mean  that 
taking  them  bulk  for  bulk,  that  is,  comparing 
pieces  of  equal  size  or  volume,  iron  is  heavier 
than  cork.  Now  it  is  convenient  to  have  some 
substance  as  a  standard  or  measure  with  which 
others  may  be  compared,  and  the  most  con- 
venient substance  to  take  as  a  standard  is  pure 
water.  This  can  be  obtained  by  distillation, 
that  is,  by  boiling  the  water  and  then  collect- 
ing and  condensing  the  vapour  by  cooling. 
Here  is  the  apparatus  for  obtaining  pure  dis- 
tilled water  (fig.  7).  A  is  a  stoppered  retort, 
the  neck  of  which  passes  into  a  Liebig's  con- 
denser B.  This  consists  of  an  inner  tube  of 
Fig.  6. -A  Feather  and  a  pjagg  p-  passing  watertight  through  an  outer 
Sovereign  falline  m  a  va-     °  ,  ,       •  1  j    r  ^i.  • 

cuum  with  equal  velocity,  tube  or  jacket/.  The  lower  end  of  the  mner 
owing  to  the  action  of  tube  g  passes  into  a  glass  receiver  C.  Water 
gravity.  is  placed  in  the  retort  A  and  a  lamp  applied. 

After  a  time  the  water  boils  vigorously,  and  the  steam  passes  into  the  inner 
tube  g  of  the  apparatus  of  Liebig.  Here  it  is  condensed  by  a  stream  of 
cold  water  that  enters  the  outer  tube  of  the  condenser  at  the  funnel/.  This 
stream  cannot  mix  with  the  condensed  steam,  but  is  carried  away  by  the 
tube  t  placed  at  the  upper  part  of  the  condenser.  The  condensed  steam 
or  distilled  water  drops  down  and  is  collected  in  the  receiver  C,  and  the 
water  thus  obtained  is  chemically  pure,  all  the  dissolved  matter  being  left 
behind  in  the  retort.  The  distillation  should  be  discontinued  when  the 
water  in  the  retort  has  been  reduced  to  about  one-fifth  its  original  bulk.  The 
pure  water  thus  obtained  is  a  colourless,  inodorous,  insipid  liquid.  When 
pure  water,  however,  is  seen  in  large  masses  it  has  a  faint  bluish  colour. 

The  water,  too,  must  be  taken  at  a  certain  temperature  in  order  that  a 
given  volume  may  always  have  a  certain  weight ;  for,  as  we  shall  soon 
learn,  the  bulk  or  volume  varies  when  the  temperature  changes.  Having 
thus  kgreed  to  take  pure  distilled  water  at  39°  F.  as  the  standard  substance, 
we  call  a  certain  volume  of  this  water  unity,  and  compare  the  weights  of 
other  substances  with  the  weight  of  an  equal  bulk  of  such  water.  

>  On  Momentum^  see  note  in  Appendix,  p.  251. 
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We  can  then  define  specific  gravity  as  follows  : — 
The  specific  gravity  of  a  substance  is  the  number  which 
expresses  the  weight  of  a  certain  volume  of  the  substance  compared 


Fig.  7.— Apparatus  for  obtaining  Pure  Distilled  Water. 

with  the  weight  of  an  equal  volume  of  distilled  water.  Thus 
when  we  say  that  the  sp.  gr.  of  lead  is  11,  that  of  diamond 
3-5,  and  that  of  cork  -24,  we  mean  that  lead  is  eleven  times,  that 
diamond  is  three  and  a  half  times,  and  cork  only  about  one- 
fourth  as  heavy  as  water  (comparing  equal  bulks), 

23.  The  following  table  gives  the  specific  gravities  or  densities  of  a  few 
of  the  most  important  substances  :  I,  solids  ;  2,  liquids  :— 


Platinum 
Gold  . 
Lead  . 
Silver  . 
Copper 
Iron  . 
Heavy  spar 
Diamond 


Mercury 
Bromine 
Sulphuric  acid 
Milk  . 
Sea  water  . 


Specific  Gravities  of  Solids. 


.  22-07 

Marble. 

•  19-35 

Aluminium  . 

Rock-crystal  . 

.  10-50 

Salt      .       .       .  . 

.  8-90 

Coal  .... 

.  7-80 

Ice       .       .       .  . 

•  4-43 

White  fir       .        .  . 

•  3-50 

Cork  .... 

Specific  Gravities  of  Liquids. 


13-60 
2-96 
1-84 
1*03 
I  -02 


Distilled  water  at  39°  F. 
Distilled  water  at  32^  Y, 
Olive  oil  .  .  . 
Alcohol 

Ether   .       .       .  . 


2 -So 
2-68 
2-65 
2-13 
1-32 

•93 
•57 
-24 


I  -oo 
0-99 
-91 
•80 

•72 


By  means  of  the  above  table  we  can  find  the  weight  of  a  given  volume 
of  any  of  these  substances,  having  given  that  a  cubic  foot  of  water  weighs 
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1 ,000  ounces.    Thus  we  see  from  the  table  that  a  cubic  foot  of  copper  will 
weigh  8,900  ounces,  a  cubic  foot  of  marble  2,800  ounces,  but  a  cubic  foot  * 
of  ice  only  930  ounces.    Sea  water,  however,  is  bulk  for  bulk  heavier  than 
ordinary  water,  for  a  cubic  foot  of  sea  water  weighs  1,020  ounces. 

24.  Cohesion  and  Chemical  Affinity. — The  attraction  of 
gravitation,  which  we  have  been  considering,  is  the  force  which, 
acting  at  any  distance,  binds  the  larger  masses  of  the  universe 
into  worlds,  keeps  the  earth  in  its  orbit  round  the  sun,  draws  all 
the  various  objects  towards  its  centre  so  that  they  remain  on  its 
surface,  and  brings  together  but  does  not  bind  the  different 
particles  or  molecules  of  a  body.  Now  there  are  two  other 
permanent  forces  acting  on  matter,  called  cohesion  and  chemical 
affinity. 

25.  Cohesion  is  an  attractive  force,  but  it  is  only  exercised  between 
similar  molecules  of  matter,  and  at  insensible  distances.  Cohesion  binds 
molecules  of  the  same  substance  together  so  as  to  form  masses,  and  it  is  on 
account  of  this  force  that  bodies  keep  their  shape  and  resist  being  broken. 
Were  it  not  for  the  force  of  cohesion  everything  would  be  reduced  to  ex- 
tremely fine  powder.  The  force  of  cohesion  is  greatest  in  solids  ;  it  is 
only  weak  in  liquids,  though  sufficient  to  keep  the  small  masses  called 
drops  in  a  globular  form  :  in  gases  it  does  not  exist  at  all,  as  their  particles 
tend  to  spread  in  all  directions.  In  solids  the  force  of  cohesion  varies 
greatly,  as  we  learn  when  we  try  to  break  them.  It  is  very  strong  in  a 
piece  of  iron,  weaker  in  a  piece  of  wood,  and  still  weaker  in  a  piece  of 
salt. 

26.  Chemical  affinity  Ss,  an  attractive  force  which,  like  cohesion,  only 
acts  at  insensible  distances,  but  unlike  cohesion  it  is  exerted  between  dis- 
similar particles.  Chemical  affinity  is  the  force  which  binds  together  the 
particles  of  different  substances,  so  as  to  form  an  entirely  new  substance 
with  different  properties.  A  chemical  change  is  always  a  change  of  com- 
position. It  is  the  business  of  the  chemist  to  examine  the  various  substances 
he  finds,  with  a  view  of  resolving  them  into  their  ultimate  elements.  From 
this  examination  we  learn  that  all  bodies  are  made  up  out  of  sixty-five 
elements,  an  element  being  a  substance  which  cannot  be  split  up  into  two 
or  more  different  substances.  The  numerous  different  substances  in  the 
world  are  produced  from  the  union  of  these  elements  in  various  ways,  just 
as  the  thousands  of  different  words  in  our  language  are  formed  by  uniting 
in  various  ways  the  twenty-six  letters  of  the  alphabet.  It  is  the  force  of 
chemical  affinity  which  unites  these  elements  so  that  new  substances  are 
produced  ;  and  the  more  dissimilar  the  elements,  the  more  readily  do  they 
unite  as  a  rule. 

27.  Atoms  and  Molecules.— An  atom  is  the  smallest  particle  of  an 
element  that  can  enter  into  chemical  combination  or  be  driven  out  of  a 
compound.  A  molecule  is  the  least  portion  of  any  substance,  whether 
simple  or  compound,  that  can  exist  in  a  free  state  and  possess  all  the  pro- 
perties of  that  substance.  A  molecule  of  a  compound  must  contain  at 
least  two  atoms,  and  it  often  contains  more.  The  atoms  of  the  elements 
can  never  be  destroyed.    They  may  enter  into  new  combinations,  but  even 
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when  they  form  invisible  gases  they  still  exist  as  matter.  Matter  is  there- 
fore said  to  be  indestructible. 

A  piece  of  white  sandstone  consists  of  innumerable  grains  of  sand  com- 
pacted and  cemented  together,  the  particles  of  the  mass  being  held  together 
by  the  force  of  cohesion.  Each  grain  of  sand  consists  of  numerous  minute 
molecules  of  a  substance  called  silica,  also  bound  together  by  the  force  of 
cohesion  ;  and  each  molecule  of  silica  contains  two  elements,  being  com- 
posed of  two  atoms  of  the  element  oxygen,  and  one  atom  of  the  element 
silicon,  bound  together  by  the  force  of  chemical  affinity. 

In  a  piece  of  common  salt  the  force  of  cohesion  is  much  less,  as  the 
piece  can  be  so  easily  broken.  Each  smallest  particle  or  molecule  of  salt 
IS  formed  by  the  union  of  the  two  elements  sodium  and  chlorine,  one  atom 
of  sodium  being  chemically  combined  with  one  atom  of  chlorine. 

Hence  we  see  that  gravitation  binds  together  the  larger  masses  of  the 
universe,  and  that  terrestrial  gravity,  which  is  only  a  particular  case  of 
universal  gravitation,  tends  to  draw  all  substances  towards  the  centre  of 
the  earth  that  cohesion  holds  together  the  molecules  of  the  same  substance 
so  as  to  give  things  their  form  and  consistency;  and  that  chemical afR^tity 
unites  the  atoms  of  different  elements  so  as  to  produce  new  substances 
bravitation  acts  at  all  distances  ;  cohesion  and  chemical  affinity  only  when 
the  particles  are  in  close  contact. 

28.  Adhesion  is  the  name  given  to  that  force  which  causes  the  surfaces 
of  two  different  bodies  to  stick  together.  Unlike  cohesion,  it  can  act 
between  dissimilar  bodies.  Two  smooth  plates  of  glass,  or  a  smooth  plate 
of  glass  and  one  of  brass,  on  being  brought  into  close  contact,  adhere  with 
considerable  force. 

29.  Solids,  Liquids,  Gases.— All  the  substances  in  nature 
exist  in  one  or  other  of  these  conditions,  and  many  substances 
present  themselves  at  different  times  under  all  these  three 
forms.  Thus  it  is  one  and  the  same  substance  which  is  known 
to  us  under  the  names  of  ice,  water,  and  steam  ;  for  ice,  water, 
and  steam  have  the  same  chemical  composition,  each  molecule 
consisting  of  two  atoms  of  the  gas  hydrogen  united  to  one  atom 
of  the  gas  oxygen.  The  element  mercury  (quicksilver),  which 
is  usually  a  liquid,  can  be  frozen  by  great  cold,  and  can  be 
turned  into  vapour  at  a  high  temperature. 

Wood  silver,  stone,  &c.,  are  solid  bodies;  water,  mercury,  oil,  &c., 
are  liquid  bodies;  and  oxygen,  air,  &c.,  are  gaseous  or  aeriform  bodies, 
l^iquids  and  gases  are  both  termed  fluids.  The  word  vapour  is  generally 
applied  to  those  gases  which  are  obtained  from  bodies  that  are  liquid  at  the 
ordinary  temperature. 

These  three  states  in  which  bodies  occur  are  called  their  states  of  aggre- 
gation. ■'  '^■^ 

Solid  bodies  have  a  definite  shape,  and  occupy  a  definite  volume,  i.e. 
take  up  a  definite  amount  of  space.  Liquid  bodies  have  no  definite  shape, 
though  they  occupy  a  definite  volume.  They  take  the  shape  of  any  vessel 
into  which  they  are  poured.  Gaseous  or  aeriform  bodies  have  neither 
aetinite  shape  nor  definite  volume. 
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In  solids  the  force  of  cohesion  is  strong.  Solid  bodies  are  sometimes 
called  Hgid  bodies,  because  their  particles  keep  the  same  position,  and* 
because  they  resist  change  of  form.  In  liquids  the  cohesion  is  only  slight, 
and  the  particles  move  easily  among  themselves.  The  globular  form  taken 
by  drops  of  water  is  due  to  the  cohesion  among  the  molecules  of  the  liquid, 
and  the  small  particles  in  the  thin  film  of  a  soap  bubble  are  held  together 
by  the  force  of  cohesion.  In  some  liquids,  such  as  alcohol  and  ether,  the 
particles  move  over  one  another  more  freely.  Such  a  liquid  is  called  a 
mobile  liquid.  In  other  liquids,  such  as  treacle,  glycerine,  and  melted 
glue,  the  force  of  cohesion  is  greater  than  in  water,  and  they  move  along 
a  surface  more  slowly  than  water.  Such  a  liquid  is  called  a  viscous 
liquid. 

Between  the  molecules  of  gases  there  is  no  cohesion  at  all,  for  the  par- 
ticles repel  each  other  and  spread  themselves  out  in  all  directions,  so  that 
any  quantity  of  gas,  however  small,  spreads  itself  out  so  as  to  fill  any 
space. 

By  the  application  of  heat  the  cohesion  of  solid  bodies  is  so  far  de- 
stroyed that  the  liquid  state  is  assumed  ;  and  a  further  application  of  heat 
destroys  the  cohesion  altogether,  so  that  the  molecules  are^  driven  still 
further  apart,  and  the  gaseous  state  is  assumed.  Hence  heat  is  sometimes 
spoken  of  as  a  repulsive  power,  opposite  in  character  to  that  of  cohesion. 

It  must  be  remembered  that  a  gas  or  vapour  occupies  a  very  rnuch 
larger  space  than  the  liquid  from  which  it  was  derived.  One  cubic  inch 
of  water,  on  being  heated  to  boiling,  yields  1,700  cubic  inches  of  water 
vapour  at  212°  F.  (100°  C. ).    (See  section  on  Heat.) 

30.  Solution  and  Crystallisation. — Some  solid  substances,  such  as 
salt,  saltpetre  (nitre),  alum,  &c.,  when  put  into  a  liquid  such  as  water,  be- 
come liquid  themselves,  and  their  particles  are  so  minutely  divided  as  to  be 
altogether  invisible,  even  under  the  microscope.  The  substance  is  then 
said  to  dissolve.  The  solubility  of  solid  substances  varies  very  much. 
Some  will  not  dissolve  at  all  in  water,  some  dissolve  very  slightly,  and 
others  dissolve  in  considerable  quantity.  As  a  general  rule,  the  hotter  the 
water,  the  more  of  a  substance  can  it  dissolve.  Some  gases,  too,  such  as  car- 
bonic acid,  are  soluble  in  water,  and  such  water  may  then  dissolve  sub- 
stances that  are  not  soluble  in  pure  water.  When  a  quantity  of  a  liquid 
has  dissolved  as  much  of  a  substance  as  it  can  at  a  certain  temperature  the 
liauid  is  said  to  be  saturated,  and  the  solution  is  called  a  saturated  sohtiion. 
As  hot  water  will  dissolve  much  more  of  a  solid  substance  than  cold 
water,  on  cooling  a  hot  saturated  solution  some  of  the  solid  crystallises 
out.  'But  we  may  always  recover  the  solid  dissolved  by  evaporating  the 
solution.  In  most  cases  the  solid  will  then  assume  a  definite  geometrical 
form,  called  a  crystal.  The  molecules  seem  to  possess  a  power  of  arranging 
themselves  in  regular  and  symmetrical  order,  so  that  definite  geometrical 
shapes,  such  as  cubes,  prisms,  pyrannids,  &c. ,  are  formed.  As  each  sub- 
stance has  usually  its  own  peculiar  form,  many  substances  can  be  at  once 
distinguished  by  the  shape  of  their  crystals.  Not  only  do  crystals  fonn 
from  liquid  solutions,  but  solid  bodies,  such  as  sulphur,  bismuth,  and  many 
other  minerals  which  have  been  melted  or  fused,  form  cr)'stals  when 

allowed  to  cool  gradually.  ,    ,  ,.  ,         ^  1    1   ^  *t. 

Many  hard  rocks  are  seen  to  be  composed  of  little  crystals,  but  the 
crystals  are  so  confusedly  mingled  that  it  is  difficult  to  distinguish  them. 
Such  bodies  are  said  to  possess  a  crystalline  structure  A  piece  of  statuary 
marble  possesses  such  a  structure.    In  the  crevices  of  rocks,  however,  the 
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minerals  have  sometimes  had  room  to  form  into  distinct  crystals.  Snow 
and  ice  are  crystallised  forms  of  water.  The  snow  crystals  can  be  seen 
with  the  naked  eye  when  snowflakes  fall  on  any  dark  surface  like  the  sleeve 
of  a  coat  (see  par.  226).  Bodies  which  do  not  take  a  definite  geometrical 
shape  are  said  to  be  amorphous  (Gr.  a,  not  ;  morphe,  shape). 

31.  Experiments  on  Solution  and  Crystallisation.— (i)  Dissolve  some 
common  salt  in  a  tumbler  in  about  twice  its  weight  of  water,  stirring  it 
well.  Pour  off  the  clear  solution  in  a  shallow  plate  and  set  it  aside  for  a 
few  days  and  do  not  disturb  it.  The  water  gradually  evaporates,  and 
small  cubes  of  salt  are  formed.  Look  at  these  with  a  lens,  and  their  shape 
will  be  more  apparent. 

(2)  Dissolve  some  alum  in  about  twice  its  weight  of  hot  A,^ 
water.    Put  aside  the  solution  to  cool  slowly ;  beautiful       //j  \V 
transparent  octohedral  crystals  will  then  be  formed,  though  "  ^^'^ 
it  IS  fiot  easy  to  get  them  perfect  in  all  directions. 

(3)  Obtain  a  specimen  of  rock  crystal.  It  is  composed 
of  nuneral  quartz,  which  is  an  oxide  of  silicon.  Examine 
one  of  the  crystals,  and  you  will  see  that  it  consists  of  a 
six-sided  column  or  prism  capped  with  six-sided  pyramids 
at  each  end  (see  fig.  8).  It  is  rare,  however,  to  find  both 
ends  perfect.  Try  to  scratch  the  crystal  with  your  knife  • 
It  IS  too  hard  to  scratch.  It  will  itself  scratch  glass  ' 
.  32._  Other  Properties  of  Stress  and  Strain.  —  F,r  r  -  Fn.m 
Stress  IS  the  name  applied  to  any  force  or  forces  acting  on  taken  by  Quaru 
a  body  and  tending  to  disarrange  the  particles  composing  Crystal. 

It.  This  stress  is  called  a  tension  if  the  forces  are  acting  ^.  Py^™'d  P'anes; 
away  from  each  other,  as  in  breaking  a  string  ;  it  is  called 
a  /;rj5«r^  if  the  forces  are  acting  towards  each  other,  as  in  cracking  a  nut. 
Stram  is  the  effect  which  a  stress  produces  in  a  body  before  it  breaks. 
Ihus  a  beam  in  a  buildmg  is  said  to  undergo  a  strain  if  compressed,  or 
stretched,  or  bent,  or  distorted  in  any  way.' 

_  33-  Tenadtj'  (Lat.  ieneo,  I  hold)  is  the  resistance  which  bodies  offer  to 
being  broken  ;  that  is,  the  resistance  they  offer  to  any  force  tending  to  tear 
1"  l'^''^-'^^'-  "'"^"y  ^^'^^^      f°™i'^g  the  substance  into 

Z  T^^^'  '°        ^''^^  ""^^1  th^y  break.    Steel  has 

the  greatest  tenacity  of  any  metal.  Then  come  wrought  iron,  copper, 
platinum,  and  silver,  in  order.  »         ^  » 

Ma//eadi/ity  is  that  property  which  enables  substances  to  be  beaten  out 
mto  thin  plates.    Many  of  the  metals  possess  this  property.    Gold  is  very 

S)IdTn  mk  r^h'^-  ""^  "'m'  °f  in  thickness.    Next  to 

gold  in  malleability  come  silver,  copper,  platinum,  iron,  in  order.  The 
opposite  property  is  brittleness.  '  ^  ,  1 1  oiuer.  ine 


More  correctly,  stress  may  be  defined  as  the  mutual  action  between 

two  portions  of  matter     When  we  press  upon  a  body  with  our  hand,  the 

hand  IS  equally  pressed  back  by  the  body  ;  and  in  every  case,  to  the  action 

ofany  force  by  one  mass  on  a  second  mass,  there  always  corresponds  an 

equal  and  opposite   reaction    by   the  second  mass  on   the   first.  A 

stress  therefore  consists  of  two  equal  and  opposite  forces  which  together 

form  an  action  and  a  reaction.    We  often  think  of  only  one  of  the  masses 

..irr  ^  sfess  IS  acting  and  of  only  one  part  of  the  stress  ;  and 

winn"^  T"^^     "^^'"^  the  stress  acts,  it  is  described  as  attraction, 

tension,  pressure,  &c.  ' 
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34.  Ductility  is  a  property  closely  allied  to  malleability,  but  the  most 
malleable  is  not  always  the  most  ductile.  This  is  the  property  in  virtue  of 
which  substances  are  capable  of  being  drawn  out  into  fine  narrow  threes 
or  wires.  Gold,  silver,  platinum,  iron,  and  glass  (when  melted)  are  the 
most  ductile.  "Wires  of  platinum  and  gold  can  be  obtained  much  finer 
than  a  spider's  thread.  _  _ 

35.  Elasticity  is  the  property  which  enables  bodies  to  recover  their 
original  shape  when  the  external  force  which  has  altered  their  form  is 
removed.  Many  solid  bodies  are  elastic,  but  there  is  a  certain  limit  (called 
the  limit  of  elasticity)  beyond  which  the  body  does  not  recover  its  shape, 
but  is  either  distorted  or  broken.  Great  brittleness  and  elasticity  may 
exist  in  the  same  substance.  Hard  steel  and  glass  rods  are  very  elastic 
within  certain  limits,  but  in  lead  the  tendency  to  recover  its  shape  is  con- 
fined to  a  very  small  limit.  .    ,   .      .  .    ,  , 

Liquids  and  gases  are  perfectly  elastic,  and  regain  their  original  volume, 
however  great  the  pressure  was  to  which  they  may  have  been  subjected. 
Liquids  are  only  compressible  to  a  very  slight  degree,  and  on  removal  of 
the  pressure  they  recover  their  former  dimensions. 

36.  Elasticity  of  Gases.— Gzses  are  the  most  compressible  and  elastic 
of  all  ijodies.  If  a  quantity  of  gas  be  enclosed  in  a  cylinder  fitted  with  an 
air-tight  piston,  it  may  be  compressed  by  pushing  down  the  piston.  On 
the  removal  of  this  additional  pressure  the  gas  will  regain  its  former  volume. 
A  hollow  india-rubber  ball  rebounds  in  consequence  of  the  elasticity  of  the 
air  within  it.  As  all  gases  are  perfectly  elastic,  they  all  follow  the  same 
law  It  is  found  that  if  we  double  the  pressure  the  volume  diminishes  to 
one-half  -  if  we  treble  the  pressure  the  volume  becomes  only  one-third. 
Hence  was  derived  Boyle's  law— volume  of  a  gas  vanes  inversely  as  the 
pressure  to  which  it  is  subjected  when  the  temperature  remams  the  same. 
It  is  plain  that  while  the  volume  diminishes  as  the  pressure  increases,  and 
viceversd,  the  density  must  increase  as  the  volume  dimmishes,  and  viceversd. 

Hence  the  law  may  be  stated  thus  :  For  the  same  temperature  the 
density  of  a  pus  is  directly  proportional  to  its  pressure. 

This  law  was  until  recently  thought  to  be  absolutely  true  For  very' 
high  pressures  a  deviation  begins  to  be  observed  with  some,  but  for  ordi- 
nary experiments  the  law  may  be  regarded  as  true.  It  should  be  remem- 
bered that  all  gases  can  be  liquefied  by  pressure  and  cold. 

VI  Hardness. -In  scientific  language  hardness  that  property  o 
bodies  in  virtue  of  which  they  resist  being  scratched  by  others.  We  test 
which  is  the  harder  of  two  bodies  by  seeing  which  of  them  will  scratch  the 
Ser  Diamond  is  the  hardest  of  all  substances,  for  it  will  scratch  every 
other  substance  and  is  not  scratched  by  any.  A  scale  of  hardness  has  been 
formed  of  the  following  series  of  minerals.  Each  of  these  scratches  all 
thoTe  above  it,  and  is  scratched  by  all  those  below.  If  the  substance  we 
Se  examining'is  found  to  scratch  felspar,  but  is  found  to  be  sera  ched  by 
auartz  we  say  that  its  hardness  is  between  6  and  7-  .  The  first  column 
Ss  thrname  of  the  mineral,  and  the  last  its  chemical^  name.  These 
fauer  names  will  be  better  understood  after  reading  the  section  on  chemical 

^"^'^°"*  38.  Scale  of  Hardness.  . 

^  Chemical  Name. 


Mineral  ^    Magnesium  silicate 

I.  Talc       .       •         1  can  be  scratched  by    ^   Calcium  sulphate 

the  finger-nail  Sodium  chloride 


2.  Gypsum    (or  rock- 
salt)  . 


5. 


Energy 

Calc  smT^'  Chemical  Name 

-        ^'  •       •  ^  3-  Calcium  carbonate 
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5. '  ApadtJ''''''      ■       '   can  be  scratched  Iw    4-  Calcium  fluoride 

6.  Felspar  '       "       '  [    knife  or  file  5-  Ca  cmm  phosphate 
^                     •                                 o.  Potassium    and  aki-- 

1   Omrt^  /v^^i        .  i\  minium  silicates 

7.  guart^z  (lock-crystal) ,  7.  silica 

9'  Corundum  (sapphire"  scratched        Aluminium  fluosilicate 

ruby)  '  i     by  knife  or  file        9-  These  gems  are  crys- 

o  Diamond'       \       ')  tallised  alumina 

10.  Crystallised  carbon 

CHAPTER  III. 
WORK  AND  ENERGY^ 

^'  A  forcet  saS  °f  f  ^^^'^-^.^h'^  --d  work  is  used  in  a  pecuHar 
'■        Z    ,      ^  '°      ^^""^k  when  the  bodf  on  which  it  acts  is  mj,dp 
o  move.    Merely  supporting  a  weight  is  not  doiJg  work  in  hfs  sense  fo? 
here  is  no  vvork  done  unless  the  body  is  made  to  move  in  the  direcdon  of 

againSS  ^°  ^^P^^'^  -  °f  ^oing  work 

strikes  aTarTetitrf"'       '°  T^'^      ^^^^"g      its  velodS;  WhJn 
heat  i  LliS  o  r.^^',''°V^°'''       P/^^^^  ^•^^^  °f  heat,  and 

cules  of  SV.^,K=^  °^  °f       ultimate  particles  or  mole- 

if  sli'd  ?o  hatt\"n"conrtr/in;    "^'z  "'^ '^"^  ^"^^^7  of  the 

spnng  ha  potential  energy,  for  it  can  do  work  as  it  changes  its  shape 
'  This  chapter  may  be  omitted  on  a  first  reading. 
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may  be  done  by  the  action  of  heat.    Moreover,  a  definite  amount  of  work 

always  produces  a  definite  amount  of  heat,  and  the  same  number  of  units^ 
of  heat  always  produce  a  certain  fixed  number  of  units  of  work.  Every 
steam  engine  develops  mechanical  work  out  of  heat  ;  for  heat  turns  the 
water  into  steam,  and  this  water  vapour  by  its  effort  to  expajid  sets  the 
wheels  in  motion.  Some  of  this  mechanical  motion  is  changed  back  again 
into  heat  by  friction  among  the  various  parts  of  the  machine  ;  and  when  an 
engine-driver  applies  the  brake  to  stop  his  train  the  rails  become  warmer 
and  sparks  are  seen  to  fly  from  the  wheels.  Electric  currents  can  also 
perform  work,  and  are  therefore  forms  of  energy.  If  a  current  of  electricity 
is  passing  along  a  wire  it  will  deflect  a  magnetic  needle,  and  by  passing 
around  a  bar  of  soft  iron  it  will  cause  the  bar  to  become  a  magnet,  so  that 
the  iron  will  attract  other  pieces  of  iron  near  it.  Chemical  affinity  is  also  a 
store  of  energy,  for  when  different  atoms  unite  to  form  a  compound,  heat, 
and  sometimes  light,  is  developed.  Artificial  heat  is  produced  by  combus- 
tion, and  combustion  is  merely  chemical  union.  The  burning  of  coal  is 
only  the  chemical  union  of  the  carbon  and  hydrogen  of  the  coal  with  the 
oxygen  of  the  air  to  form*  the  two  compounds  carbonic  acid  and  water 
vapour.  A  pound  of  carbon  when  burnt  in  oxygen  to  form  carbonic  acid 
gives  out  heat  sufficient  to  raise  about  eighty-one  pounds  of  water  from  the 
freezing  to  the  boiling  point,  and  this  takes  place  whether  the  combustion 
be  slow  or  quick.  A  store  of  gunpowder  possesses  potential  energy  due  to 
chemical  separation,  and  when  it  explodes  by  suddenly  uniting  with  oxygen 
the  energy  becomes  kinetic.  The  following  table  shows  the  different  kinds 
of  energy— kinetic  visible  energy  and  potential  visible  energy,  kinetic 
molecular  energy  and  potential  molecular  energy.  This  difficult  subject 
will  be  better  understood  after  reading  the  parts  on  Heat,  Chemistry,  and 
Electricity. 


Kinetic 

Potential 

Visible  energy 

Molecular  energy  : 
Heat 

Electricity 
Chemical  action 

Due  to  the  visible  mo- 
tion of  a  mass. 

Due  to  radiation  and 

absorption. 
Due  to  electricity  in 

motion. 
Due  to  actual  chemical 

union. 

Due  to  a  position  of  ad- 
vantage, or  to  visible 
arrangements. 

Due  to  the  heated  state 
of  a  body. 

Due  to  electrical  separa- 
tion. 

Due   to  chemical  ar- 
rangement. 

42.  Conservation  of  Energy.— The  investigations  of  scientific  men 
show  that  we  can  neither  create  energy  nor  destroy  it,  and  that  the  sum  ot 
the  kinetic  energy  and  potential  energy  in  the  universe  always  remams  the 
same.  One  kind  of  energy  can  be  transmuted  or  changed  mto  another. 
Visible  motion,  heat,  electricity,  and  chemical  affinity  are  all  so  many 
kinds  of  either  kinetic  or  potential  energy,  and  they  are  mutually^ convert- 
ible one  into  another.  Examples  of  this  '  transmutation  of  energies,  as  it 
is  called,  have  already  been  given.  Moreover,  a  definite  amount  of  heat 
corresponds  to  a  definite  amount  of  visible  motion  or  of  electricity,  a 


Source  of  Energy 
luhnLlJT"'/'"  ^°  ^  ^"^"^^^  ^"^"""t  and  so  on. 

ren  iinf^hl  ^J^'  """i?^  '^^"8:ecl,  the  amount  always 

remains  the  same  These  qualities  of  convertibility  and  indestructibility 
are  often  spoken  of  as  the  principle  of  the  consei-vation  of  enerpy  ^ 
43.  The  Sun  the  Great  Source  of  Energy.— The  manifestations  nf 
energy  due  to  the  heat  and  light  of  the  sun  are  very  variou^  I  7s  the  sur^s 
heat  which  warms  the  surface  of  the  earth  ;  and  when  this  warmth  ij  Som! 
mumcated  to  the  overlying  air  it  becomes  rarefied  and  ascends,  while  freTh 

ed'UXw!^^^^  '^l''  Thus  the  winds  are 

caused  f  ;vaft^long  som^^  our  ships,  and  drive  the  sails  of  our  wind- 
mills.   It  IS  also  the  heat  of  the  sun  which  gives  rise  to  the  currents  of  the 

tTflT'     'f'.r  ^'■'""^^  "-^'f'        '^'"^^^^  °f  "^tain  countries     Again  by 
he  heat  of  the  sun  some  of  the  water  on  the  surface  of  the  earth  is  fhanVed 
mto  vapour  and  carded  up  into  the  atmosphere.    There  it  is  condensed 
and  falls  agam  on  to  the  earth  as  rain  and  snow.    This  rain  and  Tow 
collect  as  springs  rivers,  and  glaciers  ;  and,  as  we  shall  shortly Tearn  thes^ 

eaten  ;  and  if  much  work  is  done,  more  food  7s  requSJd  fha^  wh^^ 
or  no  work  is  done.  Work  wears  out  the  tissues  of  the  body  and  rTst^  a^^^ 
food  are  required  so  that  new  tissue  material  may  be  formed  Our  foodt 
Ob  ained  from  the  vegetable  world  ;  for  even  if  we  eat  beef  or  nni  ton  h  s 
which  it'X'' We  "mu?t'''°^  -  sheep  from  the  grass  or  SSps  on 
vegetble  ^^rid  JL  7^1  of  en^r^XmneTe'tht'unl"^  "'^^  ' 
as  the  active  agfnt.    Plants  obtain^tfcTupplfo^c^brorXHL" 

of  .?,nr  I'Ffvf  '^^^b""^^  ^^^d  of  the  air.    In  the  presence  ' 

of  sunlight  the  green  parts  of  plants  possess  the  power  of  withdrawing  ?he 
carbon  from  the  carbonic  acid,  and%etting  free  the  oxTeen  and^thk 
carbon  becomes  fixed  in  the  parts  of  the  plant.    The  kinetlf  en;rS  of  the 
sun's  rays  is  thus  transformed  into  the  potential  ener^J  of  Son  re 
SrSfaeiS.'''  ^'""'^^  -^^^  a^'d  carC  o?' the 

Without  the  sun's  rays  there  could  be  no  vegetable  world.  The  carbon 
:  tf  ox^le?'  :]ir:om?f"  ,h^'V.°  T''  '^'^       ^^^-^-^  --^i-tion 

e^a?;:ESl^~ 

st^telreTrrcto/L^^^r^^^^^^^^^  -  -^y^  • 
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CHAPTER  IV. 

HEAT 

44.  Of  all  the  forms  of  energy  about  which  we  have  been 
speaking,  heat  is  one  of  the  most  important.  When  we  come 
to  understand  its  nature  and  the  laws  of  its  action  we  shall  be 
able  to  explain  many  of  the  common  appearances  and  occur- 
rences that  take  place  in  the  world.  Daily  experiences  lead 
us  to  speak  of  some  bodies  as  hot  and  of  others  as  cold ;  but  the 
term  cold  must  only  be  understood  to  mean  the  comparative 
absence  of  heat,  just  as  dark  denotes  the  absence  of  light. 

45.  Nature  of  Heat. — For  a  long  time  it  was  thought  that 
heat  was  an  invisible  weightless  fluid  entering  and  leaving 
bodies,  so  as  to  cause  the  sensations  of  warmth  and  cold. 
This  fluid  was  called  caloric.  But  it  has  been  proved  that 
heat  is  not  a  substance  at  all,  for  it  can  be  produced  in  un- 
limited quantity  by  friction,  and  matter  cannot  be  created  out 
of  nothing.  Two  pieces  of  ice  can  be  melted  by  friction  in  a 
vacuum  at  freezing-point,  and  this  could  not  be  the  case  were 
heat  a  fluid  as  was  once  supposed. 

According  to  the  opinion  now  held,  heat  is  considered  to  be  nothing 
more  than  'a  mode  of  motion.'  It  consists  in  the  oscillating  motions  of 
the  molecules  of  a  body,  and  it  spreads  itself  to  distant  bodies  by  producing 
quivering  motions  in  a  medium  which  is  believed  to  pervade  all  space,  and 
which  is  called  the  ether.  This  ether  is  regarded  as  a  highly  elastic 
invisible  substance,  filling  all  space  and  permeating  all  matter,  so  as  to  occupy 
the  space  between  the  molecules  of  bodies.  It  has  more  of  the  properties  of 
a  solid  like  jelly  than  the  properties  of  a  gas.  This  ether  takes  up  vibrating 
or  oscillating  motion  from  luminous  and  hot  bodies,  and  transmits  this 
motion  through  itself  in  the  form  of  waves  or  undulations.  These  strike 
against  certain  parts  of  our  bodies  and  cause  the  sensation  of  light  or  heat. 
No  one  has  seen  or  felt  this  medium  called  ether,  but  it  is  believed  to  exist 
because  it  explains,  as  nothing  else  can,  the  various  phenomena  of  light 
and  heat.  Heat,  then,  is  molecular  motion,  and  is  the  cause  of  those 
sensations  we  call  warm  and  hot. 

46.  Sources  of  Heat, — The  great  source  of  heat  is  the  sun.  It  is  said 
that  the  total  amount  of  heat  received  by  the  earth  from  the  sun  in  one 
year  would  melt  a  layer  of  ice  surrounding  the  earth  105  feet  thick.  But 
there  are  sources  of  heat  on  the  earth  itself,  which  may  be  called  terrestrial 
sources.    These  are — 

(1)  Mechanical  actions,  such  as'friction,  percussion,  and  the  stoppage 
of  a  moving  body.  . 

(2)  Chemical  actions,  such  as  combustion  and  other  cases  of  chemica* 

union. 


Temperanire 
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(3)  Electrical  action,  as  when  the  passage  of  electricity  is  impeded. 
But  even  these,  as  we  have  shown,  may  be  traced  to  the  sun  as  their 
ultimate  source. 

47.  Belation  between  Heat  and  "Work  The  exact  relation  between 

mechanical  work  and  heat  has  been  determined  by  Dr.  Joule.  He  showed 
not  only  that  work  can  be  converted  into  heat,  but  that  the  same  amount 
of  work  always  produces  the  same  amount  of  heat.  A  weight  of  one 
pound  raised  to  a  height  of  772  feet  will  generate  on  striking  the  earth 
sufficient  heat  to  raise  one  pound  of  water  one  degree  Fahrenheit  ;  and, 
conversely,  the  amount  of  heat  required  to  raise  one  pound  of  water  one 
degree  Fahrenheit  might  be  made  to  lift  one  pound  to  a  height  of  772  feet. 
Hence  772  foot-pounds  is  called  the  mechanical  equivalent  of  heat.  (See 
Conservation  of  Fnergy. ) 

48.  Measurement  of  the  Temperature  (or  Hotness)  of  a  Body  The 

effect  of  heat  is  made  use  of  to  determine  the  temperature  of  a  body.  The 
word  temperature  signifies  the  amount  of  sensible  heat  in  a  body— that  is, 
the  amount  of  heat  which  can  be  made  evident  to  the  senses  by  means  of 
some  instrument.  It  is  a  quality  of  bodies,  and  hence  we  speak  of  degrees 
of  temperature.  More  accurately  the  word  has  been  thus  defined  and 
explained  :— '  The  temperature  of  a  body  is  its  thermal  condition  with 
reference  to  its  power  of  communicating  heat  to,  or  of  receiving  heat  from, 
other  bodies  ;  the  body  A  being  said  to  have  a  higher  temperature  than  B 
if  B  gain  heat  from  A  when  they  are  placed  in  contact.  Hence  if,  when 
two  bodies  are  placed  in  contact,  neither  of  them  gains  heat  at  the  expense 
of  the  other,  the  tvi^o  bodies  are  said  to  be  at  the  same  temperature  ' 
(Garnett).  A  body  is  said  to  have  a  high  temperature  when  it  is  capable 
of  communicating  much  heat  to  surrounding  objects  ;  and  it  is  said  to  have 
a  low  temperature  when  it  is  capable  of  imparting  little,  or  of  receiving 
heat  from  them. 

A  thermometer  is  an  instrument  for  measuring  the  temperature  of 
bodies.  Care  must  be  taken  not  to  confound  the  temperature  of  a 
substance  with  the  quantity  of  heat  it  possesses.  A  glass  of  water  may 
have  the  same  temperature  as  a  large  boiler,  but  the  amount  of  heat 
possessed  by  the  two  is  very  different.  The  instrument  that  measures  the 
amount  of  heat  in  a  given  amount  of  a  substance  is  called  a  calorimeter. 

49.  Construction  and  Graduation  of  a  Thermometer.— Nearly  all 
bodies  expand  or  increase  in  volume  when  they  are  heated,  and  contract 
or  diminish  in  volume  on  cooling.  This  effect  is  made  use  of  in  measuring 
temperature,  and  the  most  convenient  substance  is  a  fluid  having  its  free 
surface  in  a  narrow  tube  of  small  bore.  A  small  increase  of  volume  con- 
sequent on  an  increase  of  temperature  can  thus  be  easily  observed. 

The  fluids  most  frequently  employed  are  mercury,  alcohol,  and  air.  In 
order  to  construct  a  mercurial  thermometer  a  glass  tube  with  a  very  fine 
bore  is  taken,  having  a  bulb  blown  at  one  end.  At  first  the  upper  end  of 
the  tube  is  open,  and  in  order  to  get  the  mercury  to  enter  the  tube  a  little 
cup  is  attached  to  this  end,  and  mercury  poured  into  this  cup.  The  bulb 
is  now  gently  heated,  and  a  portion  of  the  air  is  thus  driven  out,  bubbling 
through  the  mercury  in  the  cup.  As  the  bulb  cools,  and  the  air  in  the 
tube  contracts,  mercury  is  forced  by  the  pressure  of  the  atmosphere  through 
the  tube  into  the  bulb.  This  mercury  in  the  bulb  is  then  heated  until  it 
boils.  The  remaining  portion  of  air  is  thus  expelled,  and  the  tube  becomes 
filled  with  heavy  vapour  of  mercury.  On  cooling  this  vapour  condenses 
and  more  mercury  now  enters,  so  as  to  fill  the  bulb  and  tube  completely.' 


22 


Elementary  Physiography 


The  bulb  and  tube  are  again  heated  to  a  point  a  little  lieyond  the  highest 
temperature  it  is  intended  to  measure,  and  while  still  hot  the  top  of  the 
tube  is  sealed  by  the  blowpipe.  As  the  mercury  cools  in  the  sealed  tube  it 
contracts,  and  leaves  a  vacuum  at  the  upper  end  of  the  tube,  while  the 
bulb  and  a  portion  of  the  stem  are  occupied  by  the  liquid.  The  thermo. 
meter  now  requires  to  be  graduated,  i.e.  marked  with  degrees  or  regular 
intervals.  In  order  to  do  this  it  is  first  placed  on  melting  ice  or  melting 
snow,  and  a  mark  made  on  the  tube  at  the  point  to  which  the  mercury  has 
contracted.    This  is  called  the  freezing-point. 

After  the  freezing-point  has  been 
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determined,  the  instrument  is  placed 
in  the  vapour  of  water  boiling  at  the 
normal  or  standard  pressure  of  the 
atmosphere.  The  mercury  rises,  and 
a  second  mark  is  made  on  the  tube 
at  the  end  of  the  mercury  column. 
This  is  called  the  boiling-point.  The 
space  between  these  two  marks  is 
then  divided  into  any  number  of  equal 
parts  that  may  be  chosen,  and  parts 
of  equal  length  are  also  marked  off 
some  distance  below  the  freezing- 
point  and  some  distance  above  the 
boiling-point.  These  equal  divisions 
are  called  degrees,  and  this  division 
of  the  thermometer  into  equal  parts  is 
called  the  graduation  of  the  thermo- 
meter (Lat.  gradtcs,  a  step  or  degree). 
In  the  Centigrade  thermometer  the 
space  between  the  two  fixed  points  is 
divided  into  lOO  equal  parts,  o  being 
placed  at  the  freezing-point  and  loo 
at  the  boiling-point. 

In  Fahrenheit's  thermometer  the 
space  between  freezing-point  and 
boiling-point  is  divided  into  l8o  equal 
parts,  32  being  put  at  freezing-point 
and  212  at  boiling-point.  Hence  in 
this  thermometer  the  zero  is  32  de- 
grees below  freezing-point.  This  is 
the  thermometer  in  common  use  in 
this  country. 

In  both  thermometers  tempera- 
tures below  the  oare  distinguished  by 
having  the  minus   sign  prefixed. 
Thus  —  6°  C.  denotes  6  degrees  below 
freezing-point    on    the  Centigrade 
Fig.  10.— Centigrade  thermometer,  and  —  6°  F.  denotes 
Thermometer.     32  +  6  =  38  degrees  below  the  freez- 
ing-point of  Fahrenheit's  thermometer. 

Since  100  divisions  or  degrees  on  the  Centigrade  are  equal  to  180 
degrees  on  the  Fahrenheit,  we  see  that  5  degrees  C.  =  9  degrees  F.  Hence 
it  is  easy  to  see  how  to  pass  from  one  thermometer  to  the  other.    From  C. 


Freezing- 
point 


Fig.  9. — Fahrenheit's 
Thermometer. 


Thermo^neters 
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to  F.  multiply  the  number  of  degrees  on  the  Centigrade  scale  by  9,  divide 
by  5,  and  add  32.  F..  =  f  C.  +32.  From  F.  to  C.  subtract  32,  multiply 
by  5,  and  divide  by  9.    C  =  §  (F.  -  32). 

50.  Reasons  for  employing  Mercury  for  Ordinary  Thermometers. 

(1)  It  is  a  liquid  that  can  easily  be  obtained  in  a  state  of  purity, 

(2)  It  remains  liquid  through  a  great  range  of  temperature,  viz.  -40''  C. 
to  350°  C,  or  -  40°  F.  to  662°  F. 

(3)  It  quickly  transmits  heat  through  its  substance,  so  that  it  soon 
acquires  the  temperature  of  the  body  with  which  it  is  in  contact. 

(4)  It  requires  but  little  heat  to  raise  its  own  temperature,  so  that  it 
affects  but  slightly  the  temperature  of  the  substance  in  which  it  is  placed. 

(5)  '  It  does  not  wet  the  glass  envelope  in  which  it  is  put. 

Alcohol  thermometers  are  used  for  measuring  very  low  temperatures, 


Fig.  II.— Maximum  and  M  inimum  Thermometers  fixed  horizontally  on  a 
rectangular  piece  of  wood.  A,  maximum  thermometer,  containing  mer- 
cury with  the  index  registering  32°  C.  as  the  highest  temperature 
attained.  B,  minimum  thermometer,  containing  alcohol  with  the  index 
registering  5°  C.  helow  zero  as  the  lowest  temperature  reached. 


and  also  for  what  are  called  minimum  thermometers.  Alcohol  is  a  liquid  that 
has  never  been  frozen  at  any  degree  of  cold  to  which  the  earth  is  subjected. 

Air  thermometers  are  used  to  measure  very  slight  variations  of  tempe- 
rature, as  gases  expand  more  than  liquids,  and  also  for  very  high  tempera- 
tures. 

51.  Maximum  and  Minimum  Thermometers. — The  maximum  ther- 
mometer is  an  instrument  used  for  indicating  the  highest  temperature  to 
which  it  has  been  exposed  since  it  was  adjusted.  Rutherford's  maximum 
self-registering  thermometer  consists  of  an  ordinary  mercurial  thermometer 
placed  in  a  horizontal  position,  and  having  a  small  piece  of  steel  inside  the 
tube  beyond  the  mercury. 

As  the  mercury  expands  with  increase  of  temperature  it  pushes  the 
steel  before  it,  and  as  it  contracts  it  leaves  the  steel  in  the  furthest  position 
to  which  it  has  been  driven.  The  end  of  the  steel  nearest  the  surface  of 
the  mercury  marks  the  highest  temperature  since  it  was  last  set.  The  in- 
strument can  be  prepared  for  another  observation  on  bringing  back  the 
steel  into  contact  with  the  mercury  by  means  of  a  magnet. 

The  minimum  thermometer  is  used  to  indicate  the  lowest  temperature 
reached  since  the  last  observation.    It  contains  alcohol  instead  of  mercury. 
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and  inside  the  alcohol  contained  in  the  tubes  there  is  a  small  index  of 
glass,  with  the  furthest  end  touching  the  surface  of  the  alcohol.  This  tube 
is  also  placed  horizontally.  As  the  alcohol  contracts  it  carries  the  index  of 
glass  with  it,  but  when  it  expands  the  index  is  left  behind.  Thus  the  end 
of  the  index  nearest  the  surface  of  the  spirit  shows  the  lowest  temperature. 
The  index  can  be  again  got  into  position  by  inclining  the  tube. 

52.  Uses  of  the  Thermometer— Methods  of  using  Ther- 
mometers.— We  have  seen  that  a  thermometer  is  used  for 
measuring  the  temperature  or  degrees  of  heat  of  substances 
brought  into  contact  with  it,  but  in  order  to  do  this  accurately 
certain  precautions  must  be  observed.  We  must  take  care  that 
the  thermometer  is  only  affected  by  the  body  whose  tempera- 
ture we  wish  to  ascertain,  and  that  it  is  neither  receiving  heat 
from  nor  giving  up  heat  to  other  bodies.  We  must  also  allow 
the  thermometer  to  be  sufficiently  long  in  contact  with  the 
body  to  acquire  the  same  temperature.  Thus,  to  ascertain  the 
temperature  of  a  liquid  we  must  allow  the  bulb  and  part  of  the 
stem  to  remain  in  the  liquid  for  a  short  time.  The  tempera- 
ture of  the  human  body  may  be  ascertained  by  placing  a  small 
thermometer  in  the  mouth  till  it  has  come  into  thermal  equili- 
brium with  it. 

One  of  the  most  important  uses  of  the  thermometer  is  to  ascertain  the 
temperature  of  the  atmosphere.  To  do  this  is  a  somewhat  difficult  matter. 
If  we  allow  the  sun  to  shine  upon  it  the  reading  will  be  too  high.  Hence, 
to  find  out  the  temperature  of  the  air  the  thermometer  must  be  in  the  shade. 
Here,  however,  it  must  not  be  affected  by  bodies  colder  than  the  air,  or  the 
reading  will  be  too  low.  The  air  must  also  have  free  access  to  the  instru- 
ment on  all  sides.  To  meet  these  difficulties  a  maximum  and  minimum 
thermometer  are  often  placed  inside  a  rectangular  screen  made  of  wood 
louvred  on  all  sides  except  the  top,  and  placed  on  legs  in  an  open  space  so 
that  the  instruments  are  about  four  feet  from  the  ground.  They  are  thus 
protected  from  radiation  either  from  the  sun  or  from  surrounding  objects, 
and  their  readings  show  the  highest  and  lowest  temperatures  since  last  set. 


Fig.  lilt.— Soiar  Radiation  (Bl.ack  Bulb)  Thermometer. 


53.  Black  Bulb  Thermometer  in  Vacuo. — This  is  a  thermometer  con- 
structed, not  for  the  purpose  of  measuring  the  temperature  of  the  air,  hut 
for  measuring  the  intensity  of  solar  radiation,  or  the  amount  of  the  sun's 
heat  that  reaches  the  layer  of  the  atmosphere  where  it  is  placed.    It  would 
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not  suffice  to  expose  an  ordinary  thermometer  to  the  sun's  rays  for  this  pur- 
pose, for  the  bright  bulb  would  reflect  and  radiate  back  some  of  the  heat 
that  fell  upon  it.  But  when  the  bulb  and  part  of  the  stem  are  coated  with 
lamp-black  (a  variety  of  carbon)  the  whole  of  the  sun's  rays  are  absorbed. 
To  prevent  loss  of  heat  from  this  bulb  by  air  currents  and  radiation  it  is 
enclosed  in  a  clear  glass  tube  with  a  bulb  blown  at  the  end,  and  this  outer 
tube  and  bulb  are  exhausted  of  air.  The  black  bulb  thermometer  thus 
consists  of  a  good  maximum  thermometer,  having  the  bulb  and  about  an 
inch  of  the  stem  coated  with  dull  lamp-black  and  enclosed  in  an  exhausted 
glass  tube.  It  is  placed  about  four  feet  from  the  ground  and  freely  exposed 
to  the  sun's  rays. 

The  ordinary  rule  for  using  the  instrument  is  to  notice  the  maximun? 
temperature  indicated  during  the  day,  and  to  compare  this  with  the  maxi- 
mum temperature  indicated  by  the  shade  thermometer.  The  difference  of 
the  two  thermometers  indicates  the  greatest  amount  of  solar  radiation 
during  that  day. 

54.  Expansion. — It  has  already  been  remarked  that  one 
general  effect  of  heat  is  to  cause  bodies  to  expand  or  increase 
in  bulk  (size  in  all  directions).  Solids  expand  least,  liquids 
expand  more  than  solids,  and  gases  expand  most. 

55.  Expansion  of  Solids,— To  show  the  expansion  of  solids  we  may 
take  a  bar  which  when  cold  just  fits  into  a  groove,  and  then  heat  it.  It 
will  then  be  found  to  fit  no  longer. 
It  is  because  of  this  expansion  that 
the  ends  of  the  rails  on  a  railway  are 
placed  at  a  small  distance  apart,  else 
the  summer's  heat  would  bring  them 
so  tightly  in  contact  as  to  twist  them. 
As  the  heated  body  cools  contraction 
takes  place.  If  a  ball  of  metal  a  be 
made  of  such  a  size  as  to  exactly  fit 
a  ring  ot  when  the  two  are  at  the 
ordinary  temperature  of  the  air,  it  will 
be  found  on  heating  the  ball  that  it  no 
longer  passes  through  the  ring.  On 
cooling,  however,  to  its  original  tem- 
perature the  ball  again  passes  through 
the  ring.  The  shrinking  effect  of  cool- 
ing is  made  use  of  by  the  wheelwright 
when  he  puts  on  the  iron  tire  of  a 
wheel  while  red-hot,  and  then  cools  it 
by  throwing  on  water.  The  contrac- 
tion consequent  on  the  iron  becoming  cold  binds  the  parts  firmly  together 

Different  solids  expand  diff-erently  for  the  same  increase  of  temperature" 

'^^^ ''''''  -'^^^   ^'^^  ~^ 

watff;n^T''f-'°''-.°^.?^''''^'-~^"  ^^'^^"^^  fl^^^  to  the  brim  with 
water  and  heating  it,  the  water  will  soon  begin  to  flow  over  owinfr  to  its 

uTToTwate  Thet  ^he  wall  of  a  7oo7Z  place 

m  hot  ^^ater,  the  liquid  mercury  is  seen  to  rise.    Remove  the  thermo- 


F IG.  12.— Showing  Expansion  of  Metal 
Ball  by  Heat. 
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meter  and  the  mercury  falls,  owing  to  its  contraction  on  cooling.  As  we 
saw  in  describing  the  thermometer,  it  is  the  expansion  and  contraction  of 
the  mercury  which  furnishes  us  with  the  means  of  measuring  the  tempera- 
ture of  bodies  in  contact  with  it.  Different  liquids  undergo  different  amounts 
of  expansion  for  equal  increments  of  temperature,  but  the  case  of  water 
presents  certain  peculiarities  so  important  that  it  needs  special  attention. 

57.  Exceptional  Case  of  Water. — At  certain  temperatures  water  obeys 
the  general  rule,  expanding  for  an  increase  of  temperature  and  contracting 
for  a  diminution  of  temperature,  but  at  certain  other  points  there  are  im- 
portant deviations  from  this  rule. 

As  before  remarked,  if  we  take  a  vessel  of  water  and  heat  it,  the  watei 
begins  to  expand  until  it  reaches  its  boiling-point.  It  then  passes  off  as 
vapour,  increasing  in  volume  about  1,700  times.  But,  before  it  is  all 
evaporated,  take  some  of  the  hot  water,  and  let  it  cool  slowly,  and  we  shall 
be  able  to  notice  that  it  contracts  until  it  comes  near  the  freezing-point, 
39°  F.  (4°  C. ),  when  it  begins  to  expand,  and  continues  to  do  so  until  the 
freezing-point  is  reached,  32°  F.  (0°  C).  Just  as  it  becomes  solid  it  agaio 
enlarges,  so  that  ice  is  lighter  than  water  bulk  for  bulk. 

The  specific  gravity  of  ice  is  "92,  water  being  i.  Hence  it  is  that  ice 
forms  on  the  surface  and  will  float. 

Water  has,  therefore,  its  greatest  density  and  least  bulk  at  39°  F. 
(4°C.).  At  32°  F.  (o°C. )  it  freezes.  Hence  between  the  temperatures 
of  39°  F.  and  32°  F.  (4°  C.  and  o°C.)  water  behaves  in  an  exceptional 
manner,  expanding  as  the  temperature  falls  from  39°  F.  to  32°  F.,  and  con- 
tracting as  the  temperature  rises  from  32°  F.  to  39°  F.  This  exceptional 
behaviour  of  water  between  39°  F.  and  32°  F.  is  of  great  importance  in  the 
economy  of  nature.  If  water  did  not  expand  as  the  temperature  gets  near 
the  freezing-point  and  at  the  moment  of  freezing,  the  whole  of  the  water 
in  a  river  or  lake  would  increase  in  density  and  sink  from  the  surface  to 
the  bottom  till  the  whole  reached  32°  F.  It  would  then  become  solid 
throughout,  and  instead  of  having  the  ice  form  on  the  top  as  it  does,  the 
whole  mass  would  become  frozen. 

Probably  the  reason  why  ice  expands  at  the  moment  of  freezing  is  that 
the  arrangement  of  the  crystals  in  ice  (for  ice  has  a  crystalline  structure) 
takes  up  more  room  than  when  the  water  is  in  the  liquid  state. 

We  will  now  summarise  these  facts  in  a  tabular  way  :— 

(1)  Ice  expands  from  below  freezing-point  to  32°  F.  like  other  solids. 

(2)  At  32°  F.  ice  melts,  and  there  is  contraction  of  bulk. 

(3)  From  32°  to  39°  F.  the  water  still  further  contracts. 

(4)  At  39°  F.  the  water  has  its  maximum  density  or  least  bulk. 

(5)  From  39°  F.  to  212°  F.  the  water  expands. 

(6)  At  212°  F.  the  water  boils  and  undergoes  enormous  expansion. 

(7)  Water  vapour  expands  regularly  on  being  further  heated. 

The  pupil  may  write  out  the  above  table,  using  Centigrade  degrees 
instead  of  those  of  Fahrenheit. 

We  are  now  able  to  understand  clearly  what  takes  place  when  a  pond 
or  other  sheet  of  water  freezes.  The  water  at  the  surface  is  first  chilled  by 
the  cold  air,  and  this  becoming  heavier  than  the  water  below,  sinks,  whilst 
the  lighter,  warmer  water  rises  to  supply  its  place.  This  goes  on  till  the 
temperature  of  the  whole  mass  is  reduced  to  39°  F.  (4"^  C. ),  after  which  the 
surface  water  no  longer  sinks,  for  on  being  cooled  below  39°  F.  the  water 
expands,  and,  being  lighter  than  the  deeper  water,  remains  at  the  top. 
This  colder  water  at  the  surface  being  then  reduced  to  the  freezmg-pomt  is 
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turned  into  solid  ice  floating  on  the  water  below,  and  serves  to  some  extent 
as  a  protection  from  the  cold  at  the  surface.  The  ice  formed  then  slowly 
increases  in  thickness  in  proportion  to  the  intensity  of  the  cold  at  the 
surface. 

The  great  force  with  which  water  expands  on  freezing  can  be  shown  by 
the  following  experiment  :  — 

An  iron  bomb-shell  or  bottle  is  filled  quite  full  with  water,  and  then 
firmly  closed  with  an  iron  screw.  The  shell  or 
bottle  is  then  exposed  to  frost,  and  after  a  time  it  is 
heard  to  burst  with  a  loud  noise,  and  a  quantity  of 
ice  is  forced  through  the  crack  as  is  shown  in  the 
figure. 


Ice  possesses  a  peculiar  property  called  regelation. 
'  When  two  fragments  of  ice  near  the  melting-point 

1  are  pressed  together,  they  at  once  freeze  into  one  Fig.  13.  -  iron  Shell 
I  mass,  Dut  i\  the  pieces  be  some  degrees  beiow  freezing-  broken  by  Freezing 
;  point  this  does  not  take  place.    Boys  often  squeeze  Water. 

•  the  icy  particles  of  which  snow  consists  into  a  ball,  but  when  the  snow  is 

•  very  cold  no  snowball  can  be  formed.  This  phenomenon  of  regelation 
1  was  first  examined  by  Faraday  ;  its  explanation  is  still  under  discussion 

58.  Ground  Ice.— Ice  called  'ground  ice,'  or  '  anchor  ice,'  sometimes 
(forms  at  the  bottom  of  quickly  moving  rivers,  while  the  rest  of  the  water 
I  remains  unfrozen. 

Owing  to  the  movement  among  the  particles  of  water  the  temperature 
c  of  the  water  may  be  reduced  several  degrees  below  freezing-point  before 
lice  IS  fornied  The  action  of  the  running  stream  mixes  the  cold  surface 
\  water  with  the  water  below,  and  then  ice  is  formed  at  the  bottom  owing 
tto  the  greater  stillness  of  the  water  there,  and  because  the  sharp  points  of 
I  the  rock  and  shingle  present  surfaces  which  induce  the  water  to  ci-ystallise 
cor  freeze.  Ice  is  thus  formed  in  the  bed  of  a  river,  clinging  to  the  pebbles 
sand  weeds,  and  when  the  temperature  rises  after  sunrise  its  buoyancy 
ccauses  It  to  rise  to  the  surface,  lifting  up  and  floating  away  the  loose  stones 
-land  other  substances  to  which  it  is  attached. 

59.  Expansion  and  Contraction  of  Gases.— If  we  take  a 
tbladder  about  half  full  of  air,  carefully  tie  it  up,  and  then  warm 
lit  before  the  fire,  we  shall  soon  find  .that  it  swells  out  and 
c becomes  smooth  and  round,  through  the  expansion  of  the  air 
linside.    On  coohng,  it  again  shrinks. 

The  expansion  of  gases  is  subject  to  a  much  simpler  law  than  the 
eexpansion  of  solids  and  liquids  ;  for  while  different  solids  and  liquids  have 
different  rates  of  expansion,  all  gases  expand  equally  for  the  same  increase 
.  of  temperature  The  law  is-'  Gases  expand  r]^  of  their  volume  for  every 
.increase  of  1°  C.  starting  from  zero.'  This  is  sometimes  called  the  law  of 
(  bay  Lussac,  or  the  law  of  Charles. 

The  expansion  and  contraction  of  air  as  the  temperature  rises  or  falls 
^serves  to  explain  many  familiar  phenomena.    The  dratight  in  a  chimney  is 
M  niu^l^ 'Ik  ""^f  I  of  heated  air  and  gas  which,  being  lighter  bulk  for 
bulk  than  the  cold  air,  ascends,  other  air  passing  in  from  the  room  to 
nmaintain  the  combustion  and  the  upward  current. 

The  vetttilation  of  rooms  is  best  brought  about  by  letting  the  hotter 
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and  lighter  air  escape  near  the  ceiling  while  the  cooler  fresh  air  is  admitted 
below. 

"When  a  candle  is  held  near  the  top  of  the  open  doorway  of  a  rqom  in 
which  a  fire  is  burning  the  flame  is  carried  outwards,  but  if  it  be  held  at 
the  bottom  the  flame  is  carried  inwards  by  the  colder  air  coming  in  from 
the  outside. 

Winds  are  produced  by  difference  of  temperature,  the  warm  rarefied 
air  near  the  surface  ascending,  and  colder  air  coming  in  to  supply  its  place. 

60.  Latent  Heat. — We  have  seen  that  matter  exists  in  three  forms 
or  states — solid,  liquid,  and  gaseous  (art.  29)  ;  that  in  solids  the  particles 
are  held  together  by  a  force  of  molecular  attraction  called  cohesion  ;  that 
in  a  liquid  this  force  is  much  less,  the  molecules  being  free  to  move  over 
one  another  in  any  direction  ;  while  in  a  gas  the  force  of  cohesion  has  no 
existence  at  all,  as  the  particles  repel  each  other  and  tend  to  fly  off"  in  all 
directions.  It  is  by  the  application  of  heat  that  solids  are  turned  into 
liquids,  and  liquids  into  gases.  By  the  withdrawal  of  heat  gases  are 
turned  into  liquids,  and  liquids  into  solids.  Carbon,  however,  is  a  solid 
which  has  never  yet  been  turned  into  either  a  liquid  or  a  gas,  and  alcohol 
is  a  liquid  that  has  not  been  frozen. 

Let  us  consider  more  carefully  what  takes  place  when  the^e  changes  of 
state  occur.  If  we  take  a  quantity  of  ice  and  apply .  heat,  it  begins  to 
melt.  But  while  the  process  of  melting  goes  on  the  temperature  does  not 
rise,  for  until  all  the  ice  is  melted  the  temperature  remains  at  freezing 
point.  What,  then,  becomes  of  the  heat  ?  It  is  expended  in  liquefying 
the  ice  ;  that  is,  in  lessening  the  force  of  cohesion,  or  doing  interior  work. 
The  heat  thus  sensibly  lost  and  expended  in  changing  the  state  of  the 
body  is  called  latent  heat. 

We  may  further  illustrate  the  matter  in  this  way.  If  we  take  a  pound 
of  water  at  0°  C.  and  another  pound  at  79°  C. ,  and  mix  the  two,  we  shall 
find  the  mixture  to  be  at  a  temperature  halfway  between  the  two,  viz. 
39 '5°.  But  if  we  take  a  pound  of  ice  at  0°  C.  and  mix  it  with  a  pound 
of  water  at  79°  C,  we  shall  find  that  the  ice  will  be  melted,  but  that  the 
temperature  of  the  whole  mass  of  water  is  only  at  freezing-point,  0°  C. 
The  heat  of  the  pound  of  water  has  been  used  up  in  melting  the  pound  of 
ice.  Other  solids  in  fusing  absorb  heat,  which  becomes  latent,  but  the 
latent  heat  of  water  is  greater  than  that  of  any  other  body.  In  the 
opposite  process  of  solidification  a  quantity  of  heat  is  given  up  again. 
Hence  the  large  amount  of  heat  latent  in  water  is  again  given  up  as  it 
freezes,  and  this  serves  to  lessen  the  severity  of  a  frost,  as  it  renders  the 
freezing  of  masses  of  water  a  much  more  gradual  process  than  it  would 
otherwise  be.  In  the  slow  liquefaction  of  ice,  too,  we  see  how  it  is  that 
a  thaw  does  not  produce  a  sudden  deluge  of  water. 

61.  Evaporation  and  Ebullition.— When  a  liquid  passes 
into  the  gaseous  state,  it  is  found  that  there  is  even  a  greater 
disappearance  of  heat  than  there  is  when  a  sohd  is  changed 
into  a  hquid.  If  water  be  placed  in  an  open  vessel  and  heat 
applied,  a  thermometer  would  show  that  the  temperature  gradu- 
ally rises  until  it  reaches  100°  C.  (212°  R).  The  water  then 
passes  off  rapidly  as  a  vapour,  and  the  temperature  of  the  water 
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in  the  vessel  remains  at  100°  C.  {212°  F.)-  By  continuing  the 
heat  for  some  time  all  the  water  may  be  driven  off  as  steam,  and 
the  fact  that  the  temperature  remains  stationary  at  100°  C. 
(212°  F.)  shows  us  that  the  heat  is  being  used  up  in  turning 
tfie  water  from  a  liquid  into  a  gas,  and  in  overcoming  the  pres- 
sure of  the  atmosphere. 

The  amount  of  heat  thus  rendered  latent  is  536  thermal  units,  a  thermal 
unit  being  the  amount  of  heat  required  to  raise  the  temperature  of  a  pound 
of  water  1°  C.  from  0°  C. 

The  number  212°  F.  or  100°  C.  only  expresses  the  boiling-point  of 
water  at  the  ordinary  pressure  of  the  atmosphere.  If  the  pressure  diminish 
the  boiling-point  is  lowered,  because  the  elastic  force  of  the  vapour  gene- 
rated in  the  liquid  is  sooner  able  to  overcome  the  atmospheric  pressure  al 
the  surface.  Hence  as  we  ascend  a  mountain  the  boiling-point  gradually 
diminishes,  the  rate  of  diminution  being  about  1°  C.  for  every  1,000  feet. 
In  this  way  observation  of  the  boiling-point  may  be  used  to  find  out  roughly 
the  height  of  a  mountain. 

Some  liquids  boil  at  a  lower  temperature  than  water,  and  some  at  a 
higher.  This  is  because  the  elasticity  of  their  vapour,  or  the  tension  of 
the  vapour,  as  it  is  called,  differs  from  that  of  water.  But  in  all  cases  the 
same  liquid  boils  at  the  same  temperature  if  the  pressure  be  the  same  ;  and 
the  tension  of  its  vapour  always  equals  the  pressure  of  the  atmosphere  at 
the  place.  It  should  be  noted  that  water  slowly  evaporates  at  all  tempera- 
tures, giving  off  invisible  vapour  from  its  surface,  which  diffuses  into  the 
surrounding  air.  In  boiling  or  ebullition  the  bubbles  of  vapour  are  formed 
'within  the  liquid. 

62.  Condensation. — When  the  water  vapour  suspended  in  the  atmo- 
sphere is  condensed,  the  latent  heat  of  the  vapour  is  again  given  back  to 
the  atmosphere.  In  this  way  our  south-westerly  winds,  laden  with  mois- 
ture from  the  warm  tropical  regions  of  the  earth,  on  reaching  a  cooler 
district  have  their  moisture  condensed,  and  give  up  a  certain  amount  of 
heat. 

The  molecules  of  water,  in  fact,  when  separated  by  heat,  possess  poten- 
tial energy,  or  energy  of  position,  and  this  is  changed  again  into  sensible 
heat  as  the  vapour  cools  and  condenses. 

It  must  be  remembered  that  real  steam  is  invisible,  as  may  be  learnt  by 
boiling  water  in  a  vessel  with  a  glass  spout.  No  steam  will  be  seen  in  the 
spout  until  it  has  come  out  a  small  distance.  The  cloud  we  usually  call 
steam  arises  from  the  condensation  of  the  steam  into  minute  watery  particles 
by  the  colder  atmosphere.  Water,  in  passing  into  the  gaseous  state,  under- 
goes an  enormous  increase  in  volume,  1  cubic  inch  of  water  becoming  about 
1,700  cubic  inches  of  steam.  There  is  a  corresponding  diminution  of 
volume  when  the  steam  condenses  again  into  water. 

63.  Specific  Heat. — All  substances  do  not  require  the  same  quantity  of 
heat  to  raise  them  to  the  same  temperature.  If  one  pound  of  water  and 
one  pound  of  mercury,  both  at  the  same  temperature,  be  subjected  for  the 
same  length  of  time  to  the  same  heat,  it  will  be  found  that  when  the  water 
has  increased  in  temperature  one  degree  the  mercury  has  risen  thirty 
degrees.  This  is  expressed  by  saying  that  water  has  a  great  specific  capacity 
for  heat.    It  requires  thirty  times  as  much  heat  to  pass  into  water-  as  is 
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required  to  pass  into  mercury,  in  order  to  produce  the  same  rise  in  tem- 
perature. The  amount  of  heat  taken  up  by  a  given  weight  of  a  lx)dy  in 
order  to  increase  its  temperature  a  given  number  of  degrees  is  just  the  isame 
as  the  body  gives  off  as  its  temperature  sinks  through  the  same  number  of 
degrees.  Although,  therefore,  water  has  such  a  great  capacity  for  heat,  it 
must  be  noticed  that,  in  cooling,  it  gives  off  the  large  quantity  it  required 
to  become  warm. 

Definition  : — The  specific  heat  of  a  substance  is  the  quantity  of  heat 
required  to  raise  that  substance  through  one  degree  of  temperature,  com- 
pared with  the  quantity  of  heat  required  to  raise  an  equal  weight  of  water 
from  o°  C.  to  1°  C.  Water,  having  the  greatest  specific  heat,  is  taken  as 
the  unit. 

Here  is  the  specific,  heat  of  a  few  important  substances  : — 

Water  .  .  .  i-oo  Mercury  .  .  .  '033 

Silver  .  .  .  -056  Alcohol  .  .  .  -674 

Charcoal  .  .  .  •242  Oxygen  .  .  .  -218 

Iron  .  .  .  .  -114  Nitrogen  .  .  .  -244 

64.  Important  Effects  of  the  Great  Specific  Heat  of  Water.— Since 
water  requires  such  a  large  quantity  of  heat  to  raise  its  temperature,  and 
since  it  gives  out  the  same  quantity  in  cooling,  it  is  easy  to  see  that  large 
bodies  of  water  will  exert  considerable  influence  on  the  climate  of  a  country. 
During  the  hot  parts  of  the  year  the  water  absorbs  a  considerable  quantity 
of  heat  without  any  great  alteration  of  its  temperature.  In  the  cold  parts 
of  the  year,  as  the  waters  of  the  sea  become  cooler,  a  considerable  quantity 
of  heat  is  given  up  to  the  land  and  the  air  with  which  it  is  in  contact. 
Thus  maritime  countries  have  the  extremes  of  temperature  greatly  modified 
by  the  influence  of  the  ocean  waters. 

65.  Propagation  of  Heat. — Heat  is  transferred  from  one  piece  of 
matter  to  another  in  three  different  ways — by  radiation,  convection,  and 
conduction. 

66.  Radiation. — The  process  by  which  heat  is  transmitted  across  a 
space  from  one  body  to  another  is  called  radiation.  When  we  stand  in 
front  of  a  fire,  or  in  the  bright  sunshine,  the  warmth  we  feel  is  caused  chiefly 
by  radiation.  The  rays  of  heat  from  the  fire  or  the  sun  pass  through  dry 
air  without  heating  it,  just  as  rays  of  light  pass  through  transparent  bodies. 
These  rays  of  heat  are  not  warm  of  themselves,  and  they  do  not  raise  the 
temperature  of  the  bodies  through  which  they  pass.  It  is  only  when  they 
fall  upon  a  body  and  are  absorbed  by  it  that  their  heating  effect  is  produced. 
The  great  supply  of  heat  received  by  the  earth  from  the  sun  is  transmitted 
by  the  process  of  radiation.  These  rays  proceed  like  rays  of  light  in  all 
directions  and  in  straight  lines.  Every  hot  body  sends  forth  heat  in  all 
directions,  whether  the  body  be  luminous  like  a  jet  of  gas,  or  non-luminous 
like  a  vessel  of  hot  water.  There  are  thus  two  kinds  of  heat  rays — hcmi- 
nous  heat  rays,  in  which  rays  of  heat  are  combined  with  rays  of  light ;  and 
obscure  or  da7-k  heat  rays,  where  light  is  absent. 

When  rays  of  heat  strike  against  any  body,  a  portion  of  the  heat  is  ab- 
sorbed, so  as  to  produce  heat  within  the  body,  while  another  portion  is 
reflected,  or  thrown  back  from  the  surface.  But  some  substances  transmit 
or  allow  the  greater  portion  of  the  heat  to  pass  through  them.  They  are 
then  said  to  be  diathermanous.  Those  bodies  which  are  good  absorbents 
of  heat  also  radiate  heat  well,  and  those  which  are  bad  absorbents  are  bad 
radiators.    Only  those  rays  that  are  absorbed  serve  to  warm  the  body, 
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those  that  are  reflected  or  transmitted  having  no  effect  on  the  temperature. 
Lamp-black  is  a  substance  remarkable  for  its  power  of  absorption,  for  it 
transmits  none  of  the  radiant  heat  which  falls  on  it,  and  reflects  very  little. 
Polished  metals  are  good  reflectors,  absorbing  very  little  and  transmitting 
none.  Rock-salt  transmits  radiant  heat  very  well  ;  it  hardly  absorbs  any, 
and  reflects  but  little.  It  should  be  noticed  that  some  substances,  like 
glass  and  water,  allow  the  luminous  rays  to  pass  through  but  absorb  the 
dark  heat  rays. 

Professor  Tyndall  has  shown  that  dry  air  has  scarcely  any  power  to 
absorb  rays  of  heat,  but  that  the  aqueous  vapour  which  is  always  present 
more  or  less  in  the  atmosphere  absorbs  a  very  large  amount  of  the  rays  of 
dark  heat,  though  it  allows  the  sun's  rays  to  reach  the  earth  with  only  slight 
loss.  '  The  result  is  that  we  have  nearly  the  full  effect  of  the  sun's  rays  in 
heating  the  earth  ;  but  once  the  earth  has  been  heated,  this  terrestrial  heat 
cannot  easily  pass  out  through  the  aqueous  vapour  of  the  atmosphere  into 
empty  space  ;  but  as  it  consists  of  dark  rays  it  is  stopped  thereby.  _  Thus 
the  aqueous  vapour  acts  as  a  trap  in  allowing  the  sun's  rays  to  pass  in  and 
heat  the  earth,  while  it  prevents  the  heat  of  the  earth  from  passing  out- 
wards into  space.  The  earth's  surface  is  by  this  means  kept  much  hotter 
than  it  would  otherwise  be.'  (Balfour  Stewart's  '  Lessons  in  Elementary 
Physics.') 

67.  Conduction. — Conduction  of  heat  is  the  transference  of  heat  through 
the  mass  of  a  body  from  particle  to  particle.  If  we  place  a  rod  of  iron  and 
a  piece  of  wood  of  the  same  length  in  the  fire,  we  shall  soon  find  that  the 
iron  becomes  hot  at  the  opposite  end,  owing  to  the  conduction  of  heat 
from  molecule  to  molecule  along  the  rod,  while  the  wood  can  be  held  in 
the  hand  as  it  burns  away.  Bodies  which  readily  propagate  heat  through 
their  mass  are  said  to  be  good  conductors,  and  those  through  which  heat 
passes  slowly  and  with  difficulty  are 
called  bad  conductors.  Most  of  the 
metals  are  good  conductors  of  heat, 
silver  and  copper  being  the  two  best. 
Cotton,  wool,  feathers,  straw,  and 
other  organic  substances  are  very  poor 
conductors.  They  thus  prevent  the 
escape  of  heat  generated  in  the  bodies 
of  animals.  Our  clothes,  therefore, 
do  not  make  us  warm,  but  only  keep  us 
warm  by  their  not  conducting  the  heat 
outwards,  and  by  preventing  the  cold 
air  from  carrying  off"  the  bodily  heat. 
Ice  can  be  preserved  from  melting  on 
a  warm  day  by  wrapping  it  in  blankets, 
as  the  blankets  do  not  readily  carry 
the  heat  of  the  air  inwards  to  the  ice. 
Thus  a  bad  conductor  may  not  only 
keep  heat  in,  but  also  keep  it  out. 

Nearly  all  liquids  and  gases  are 
bad  conductors  of  heat,  and  hence  heat 
is  not  transmitted  through  them  in  the 
same  way  as  in  solids.  If  a  test-tube  of  water  be  heated  at  the  top  it  may 
be  made  to  boil  there  while  the  liquid  at  the  bottom  remains  comparatively 
cold.    This  shows  that  the  water  is  a  bad  conductor  of  heat. 


Fig.  14. — Convection  Currents  formed 
during  the  Heating  of  Water. 
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68.  Convection. — If,  however,  the  water  be  heated  at  the  bottom,  it 
soon  becomes  warmer  throughout.  This  is  not  due  to  conduction,  but  the 
particles  of  liquid  near  the  lamp  or  fire  become  heated,  expand,  and  rise  to  the 
top.  Colder  particles  descend  to  take  their  place,  and  these  in  their  tul-n  get 
heated  and  rise.  In  this  way  ascending  and  descending  currents  are  formed, 
and  the  heat  is  spread  through  the  whole  mass.  By  introducing  small 
pieces  of  blue  litmus  these  currents  can  be  rendered  visiljle.  This  mode 
of  heating  is  called  convection  (Lat.  conveho,  to  carry  up).  The  air  is  healed 
in  this  way  by  contact  with  the  warm  earth,  and  the  heated  air  becoming 
specifically  lighter  ascends,  and  these  convection  currents  are  the  cause  of 
winds. 

CHAPTER  V. 
CHEMICAL  ACTION. 

69.  Elements  and  Compounds.— Chemistry  is  the  science 
which  treats  of  the  composition  of  bodies,  i.e.  of  the  different 
kinds  of  substances  of  which  the  various  pieces  of  matter  are 
made  up.-  Although  the  substances  found  on  the  earth  are  so 
numerous  and  varied,  yet,  as  we  have  seen  (par,  25),  the  chemist 
divides  them  into  two  classes  only,  elements  and  compounds. 
Everything  we  meet  is  either  an  element  or  a  compound,  or  a 
mechanical  mixture  of  these.  An  element  is  a  simple  substance, 
consisting  of  07ily  one  kind  of  matter.  It  cannot  be  split  up  or 
decoinposed  into  different  substances,  nor  can  it  be  built  up 
out  of  different  substances.  Thus  carbon  (of  which  pure  char- 
coal is  a  variety)  is  an  element,  because  nothing  but  carbon  can 
be  obtained  from  it.  It  is  indecomposable.  For  the  same 
reason  the  gas  called  oxygen  and  the  liquid  metal  mercury  are 
elements.  But  carbon  can  be  made  to  unite  with  oxygen  by 
the  force  of  chemical  affinity,  and  a  compound  called  carbonic 
acid  or  carbon  dioxide  is  then  produced.  This  union  is  brough  t 
about  whenever  carbon  burns  ;  for  this  burning  results  from  the 
carbon  uniting  with  the  oxygen  of  the  air  and  forming  the  in 
visible  gas  called  carbonic  acid  gas.  Hence  carbonic  acid  is  a 
compound  substance,  for  it  consists  of  two  kinds  of  substances, 
oxygen  and  carbon,  chemically  united.  Water  is  a  compound 
formed  by  the  union  of  two  gases,  oxygen  and  hydrogen. 
Limestone  is  a  compound  also,  and  contains  three  elements, 
calcium,  carbon,  and  oxygen,  united  together.  A  coj?ipoimd,  then, 
is  a  substance  formed  of  two  or  more  elements  united  togetlier  by 
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tfie  force  of  chemical  aginity.  There  are  only  65  elements  known, 
but  there  are  many  thousands  of  compounds.  Biliary  com- 
pounds are  compounds  formed  by  the  union  of  two  elements. 
Thus  carbonic  acid  and  water  are  binary  compounds.  Ternary 
compounds  are  compounds  formed  by  the  union  of  three 
elements,  as  limestone.  Many  other  examples  of  both  these 
classes  will  presently  occur.  Some  compounds  contain  more 
than  three  elements.  As  already  stated,  the  power  which 
causes  the  various  elements  to  unite  with  one  another  in  order 
to  form  compounds,  and  which  holds  them  together  after  they 
have  united,  is  called  chemical  attraction  or  chemical  affinity. 

70.  Chemical  Symbols  and  Formulae — Instead  of  writing  the  full  name 
of  each  element  and  compound,  the  chemist  uses  a  kind  of  shorthand. 
Each  element  has  a  sign  or  symbol,  and  this  symbol  is  the  first  letter  (or 
sometmies  the  first  letter  and  another)  of  its  English  or  Latin  name.  But 
It  IS  important  to  notice  that  this  symbol  not  only  stands  for  the  element, 
but  also  for  a  definite  quantity  by  weight  of  that  element.    Thus  H  not 
only  stands  for  hydrogen,  but  also  for  one  atom  of  hydrogen.   As  hydrogen 
IS  the  lightest  substance  known,  its  atom  is  taken  as  the  unit,  and  to  it  the 
number  i  is  attached.    O  stands  for  oxygen,  and  for  one  atom  of  oxygen  • 
and,  as  oxygen  is  sixteen  times  heavier  than  hydrogen,  the  number  i6  is 
attached  to  the  symbol  O.    In  the  same  way  C  stands  for  carbon,  and  for 
12  parts  by  weight  of  carbon.    The  symbol  Ca  is  used  for  the  element 
calcium,  the  weight  of  which  compared  with  hydrogen  is  40.  These 
numbers  are  called  the  atomic  or  combining  weights  of  the  elements,  and 
they  represent  the  relative  weights  of  the  elements  when  hydrogen  is  taken 
as  the  unit.    Compound  bodies  are  represented  by  placing  the  symbols  of 
the  elements  composing  them  side  by  side.    Thus  the  compound  called 
mercuric  oxide  consists  of  one  atom  of  mercury  (Hg)  united  with  one  atom 
of  oxygen  (O)  and  it  is  therefoie  represented  thus,  HgO.    Carbonic  acid 
IS  termed  by  the  union  of  one  atom  of  carbon  and  two  atoms  of  oxveen  • 
hence  it  is  represented  by  CO,,  the  small  figure  at  the  right  of  an  element 
indicating  the  number  of  atoms  of  that  element.     HgO  and  CO..  are  called 
the  chemical  of  mercuric  oxide  and  carbonic  acid  respectively. 

A  cheniical  formula,  therefore,  is  the  representation  of  a  chemical  com- 
pound by  means  of  symbols.    H,SO,  is  the  chemical  formula  of  sulphuric 
acid  (also  called  oil  of  vitriol),  and  this  formula  teaches  us  that  it  consists 
of  two  atoms  of  hydrogen,  one  atom  of  sulphur,  and  four  atoms  of  oxygen, 
chemically  united.    The  quantity  of  any  compound  which  is  represented 
by  Its  formula  is  spoken  of  as  a  molecule.    Thus  H,SO,  represents  a  mole- 
cule of  sulphuric  acid,  and  2H,S0,  represents  two  molecules.    A  molecule 
of  an  element  usually  contains  two  atoms;  H„  represents  a  molecule  of 
hydrogen  (see  definitions  of  atom  and  molecule  in  par.  27) 
c^rCJ  "T'  °^        shorthand  we  can  also  express  chemical  changes 
shortly  and  exactly  whenever  a  chemical  action  takes  place.  Chemical 
actions  always  produce  changes  of  composition.   The  sign  +  placed  between 
wo  formul^  shows  that  the  two  bodies  represented  have  been  added 
together.   The  sign  =  is  usually  employed  in  the  sense  of  the  word  '  yields ' 
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or  'produces.'  Thus  when  carbon  is  made  to  burn  in  oxygen,  the  two 
substances  unite  and  carbon  dioxide  is  produced.  This  chemical  action  is 
shortly  expressed  by  the  following  equation  : 

C  +  02  =  C0-,.  ^ 

When  zinc  is  placed  in  dilute  sulphuric  acid,  IIjSOj,  the  zinc  displaces  the 
hydrogen  of  the  sulphuric  acid  and  sets  it  free.  Expressed  in  chemical 
signy,  this  change  is  written  thus  : 

Zn  +  H^SO^  =  ZnSO^  +  H^. 

Such  changes  as  these  are  often  spoken  of  as  reactions,  and  chemical 
reactions  are  usually  represented  by  equations. 

71.  Number  and  Classification  of  the  Elements. — Tables  of  Elements. 
— 'I  he  total  number  of  eiements  at  present  known  is  about  70,  but  many  of 
these  are  rare  and  seldom  met  with.    Most  of  the  elements  are  solids  at  the 
ordinary  temperature  of  the  air,  but  bromine  and  mercury  are  liquids ;  and 
oxygen,  hydrogen,  nitrogen,  and  chlorine  are  gases.    The  elements  are 
divided  into  two  classes,  metallic  and  non-metallic.    The  metals  are  dis- 
tinguished from  the  non-metals  by  their  lustre,  malleability,  metallic  ring 
when  struck,  and  by  generally  possessing  a  high  specific  gravity  and  being 
good  conductors  of  heat  and  electricity.    The  following  tables  supply  lists 
of  (l)  all  the  non-metals,  (2)  all  the  common  metals,  with  their  symbols 
and  atomic  weights.    Where  the  Latin  name  differs  from  the  English  it  is 
added  in  brackets.    The  fourth  column  supplies  examples  of  one  or  two  of 
the  many  important  compounds  of  these  elements,  with  the  formula  of 
each  compound.    It  should  be  noticed  that  some  of  these  compounds  have 
more  than  one  name. 

Fire  Earth,  Air,  and  Water  not  Elements. — Some  of  the  ancients 
used  to 'speak  of  fire,  earth,  air,  and  water  as  elements,  but  we  can  now 
understand  why  the  chemist  does  not  regard  them  as  elements.  Fire  is 
only  a  state  or  condition  of  matter  ;  the  solid  earth  is  made  up  of  numerous 
substances,  most  of  which  are  compounds ;  air  consists  of  a  mechanical 
mixture  of  gases,  chiefly  nitrogen  and  oxygen,  without  any  chemical  union 
between  them ;  and  water  is  a  compound  formed  by  the  chemical  union  of 
the  two  gases  oxygen  and  hydrogen. 

I.  Non-metallic  Elements. 


Names  of  Elements 


Sym- 
bols 


Atomic 
Weights 


Boron  . 

Bromine 
Carbon  . 


Chlorine 
Fluorine 

Hydrogen 
Iodine  . 
Nitrogen 


B 

II 

Br 

80 

C 

12 

CI 

3S'S 

F 

19-1 

H 

I 

I 

1  126-5 

N 

14 

Compounds  (chiefly  Binary) 

B.,03,  boron  trioxide  or  boric 
anhydride 

HBr,  hydrobromic  acid 

CO.,,  carbonic  acid  or  carbon 
dioxide;  CaCOj,  calcium  car- 
bonate 

HCl,  hydrochloric  acid 

HF,  hydrofluoric  acid  ;  CaF.,,  cal- 
cium fluoride  or  fluor-spar 

HoO,  water  ;  CH^,  marsh  gas 

HI,  hydriodic  acid 

NH3,  ammonia;  HNO3,  nitric  acid 


Common  Metals 

I.  Non-metallic  Elements — continued. 
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Names  of  Elements 

Sym- 
bols 

Atomic 
Weights 

Compounds  (chiefly  Binary) 

Oxygen  . 
Phosphorus  . 
Selenium 
Silicon  . 
Sulphur . 

o 
p 

Se 
Si 
S 

i6 

31 
78 
28 

32 

H^jO,  water  ;  PbO,  lead  oxide 
P0O5,  phosphoric  pentoxide 
SeOj,  selenious  anhydride 
SiO.,,  silica  or  silicon  dioxide 
HjS,     sulphuretted     hydrogen  ; 
H^SOj,  sulphuric  acid 

II.  Common  Metals. 


Names  of  Elements 


Aluminium  . 
Antimony  (Stibium) 
Arsenic  . 

Barium  . 


Bismuth 
Calcium 

Cadmium 
Chromium 
Cobalt  . 

Copper  (Cuprum) 
Gold  (Aurum) 
Iron  (Ferrum) 
Lead  (Plumbum) 
Magnesium  , 
Manganese  . 
Mercury  (Hydrargy 

rum) 
Nickel  . 
Platinum 

Potassium  (Kalium 
Silver  (Argentum) 
Sodium  (Natrium) 

Strontium 
Tin  (Stannum) 
Zinc 


Sym-  Atomic 
bols  Weights. 


Al 

C>*7  ''i 

^/  6 

Sb 

122 

As 

75 

Ba 

Bi 

|.  210 

Ca 

40 

Cd 

112 

Cr 

52-4 

Co 

59 

Cu 

63-5 

Au 

196-2 

Fe 

56 

Pb 

207 

Mg 

24 

Mn 

55 

Hg 

200 

Ni 

59 

Pt 

197 

K 

39-1 

Ag 

108 

Na 

23 

Sr 

87-5 

Sn 

118 

Zn 

65 

Compounds  (chiefly  Binary) 


AI0O3,  alumina  or  aluminium  oxide 
SbClj,  antimony  trichloride 
As.^CDj,  white  arsenic   or  arsenic 
trioxide 

BaO,  baryta  ;  BaSO^,  barium  sul- 
phate or  Heavy  Spar 

BiClj,  bismuth  chloride 

CaO,  lime  or  calcic  oxide  ;  CaSO^, 
calcium  sulphate 

CdO,  cadmium  oxide 

Cr„03,  chromium  trioxide 

CoClo,  cobalt  chloride 

CuO,  black  oxide  of  copper 

AuClg,  gold  chloride 

Fe203,  red  oxide  of  iron 

PbO,  litharge  or  lead  oxide 

MgO,  magnesia 

MnOj,  black  oxide  of  manganese 
HgO,  mercuric  oxide 

NiO,  nickel  oxide 

PtCl.,,  platinum  chloride 

ICO,  potash ;  KHO,  caustic  potash 

AgCl,  silver  chloride 

Na^O,  soda  ;  NaHO,  caustic  soda ; 

NaCl,  salt 
SrO,  strontia  or  strontium  oxide 
SnOj,  tinstone  or  oxide  of  tin 


ZnO,  zinc 
chloride 


oxide ;    ZnCl;;,  zinc 


72.  Preparation  and  Properties  of  Oxygen.-Oxygen  gas  exists  in  a 
tree  state  m  the  atmosphere,  but  it  is  there  largely  mixed  with  another  gas 
fif  I  /"lu"^^-"'  "itrogen  forming  about  four-fifths  and  the  oxygen  one- 
tiJth  ot  the  air.    Pure  oxygen  can  be  most  conveniently  prepared  from  a 
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Fig.  15  — Preparation  of  Oxygen. 


substance  called  potassium  chlorate.  To  do  this  we  take  a  quantity  of  this 
substance,  powder  it  in  a  mortar,  and  then  dry  it  well,  so  as  to  drive  off 
any  moisture  it  may  contain.  We  then  mix  it  with  about  one- third  its 
weight  of  black  oxide  of  manganese,  as  this  substance  enables  us  to  decbm- 
pose  the  potassium  chlorate  at  a  less  heat  than  would  be  otherwise  required. 

The  potassium 
chlorate  thus  pre- 
pared   is  then 
placed  in  a  flask 
or  retort  of  hard 
glass    which  Is 
fixed  on  a  stand. 
Through  a  hole  in 
the  cork  of  the 
flask  a  glass  tube 
is  passed,  and  this 
tube  is  bent  so 
that  it  dips  into 
the    water  con- 
tained in  a  vessel 
called  a  pneumatic 
trough.     In  the 
pneumatic  trough 
is  placed  a  bee- 
hive-shaped shelf, 
having  a  hole  in 
the  side  of  the 

shelf  for  the  bent  delivery  tube  to  pass  into,  and  a  hole  at  the  top  of  the 
shelf  for  the  gas  to  rise  through.  A  glass  bottle  or  jar  is  now  filled  with 
water  and  placed  on  the  beehive  shelf,  so  that  its  mouth  still  remains  under 
water.  The  apparatus  is  now  ready.  The  flask  is  gently  heated,  and  after 
the  air  has  been  driven  out  the  bubbles  of  gas  that  come  off  are  allowed  to 
pass  up  into  the  bottle  and  displace  the  water.  When  the  bottle  is  full  of 
the  gas  it  is  gently  lifted  off  the  shelf,  its  mouth  being  still  kept  under 
water,  and  a  ground -glass  plate  or  a  small  tray  is  placed  over  the  mouth. 
It  can  then  be  removed  from  the  trough,  and  we  have  a  bottle  of  pure 
oxygen  gas.  Two  or  three  more  bottles  may  be  collected  in  the  same  way. 
The  oxygen  is  obtained  from  the  potassium  chlorate,  which  is  decomposed 
by  heat  into  potassium  chloride  and  oxygen,  thus  : 

KC103  =  KCl  +  03. 

Oxygen  gas  may  also  be  obtained  by  strongly  heating  in  a  hard  glass  tube 
a  red  powder  called  mercuric  oxide.  This  splits  up  into  the  metal  mercury, 
which  can  be  seen  to  collect  on  the  cooler  parts  of  the  tube  as  a  metallic 
mirror,  and  the  gas  oxygen.    This  change  may  be  represented  thus  : 

HgO  =  Hg  +  0. 

We  can  now  proceed  to  examine  this  gas.  Among  its  properties  we  notice 
that  it  is  colourless  and  without  smell.  In  one  of  the  jars  place  a  glowing 
splinter,  that  is,  a  splinter  with  only  a  red-hot  tip  at  the  end.  The  wood 
at  once  bursts  into  flame  and  burns  vigorously.  Now  take  a  little  sulphur 
and  put  it  into  a  small  iron  spoon  called  a  deflagrating  spoon.  Set  fire  to 
the  sulphur,  and  notice  that  it  burns  with  a  pale  blue  flame.    Plunge  the 
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lighted  sulphur  into  a  jar  of  oxygen,  and  it  will  burn  much  more  brightly, 
though  the  oxygen  itself  does  not  burn.  We  thus  learn  from  these  experi- 
ments that  oxygen  is  a  colourless  gas  that  supports  co>nhcstion,  and  that  sub- 
stances burn  in  oxygen  with  vmch  greater  energy  than  in  air.  Many 
substances  which  will  scarcely  burn  at  all  in  air  burn  violently  in  oxygen. 
Even  iron  can  thus  be  made  to  burn  in  oxygen.  If  we  make  a  watch-spring 
red-hot  for  a  short  time  it  loses  its  elasticity,  and  can  be  twisted  into  the 
form  of  a  spiral  after  cooling.  Fasten  one  end  of  this  gpiral  into  a  piece  of 
cork,  and  dip  the  other  end  into  a  little  powdered  sulphur.  Set  fire  to  the 
sulphur  and  immediately  plunge  it  into  a  jar  of  oxygen.  The  sulphur  sets 
fire  to  the  steel  spring,  which  burns  with  great  splendour,  and  drops  of 
melted  oxide  of  iron  fall  down  (Fej  +  0^  =  FePJ.  It  must  be  carefully" 
noticed  that  while  these  different  substances  have  been  burning  they  have 
not  been  destroyed  ;  that  is,  they  have  not  disappeared  entirely  and  gone 
mto  nothing.  They  have  entered  into  combination  with  the  oxygen,  and 
new  substances  have  been  produced.  No  element  can  be  destroyed  ;  it  can 
be  made  to  change  its  form  and  enter  into  new  combinations,  but  it  still 
exists.  Hence  ^natter  is  indestructible.  Wood  contains,  along  with  other 
things,  the  element  carbon,  and  during  the  process  of  burning  or  combustion 
this  carbon  unites  with  the  oxygen  to  form  an  invisible  gas  called  carbonic 
acid.    We  represent  this  chemical  action  thus  : 

C4-0„  =  C0,,. 

If  we  close  the  mouth  of  the  oxygen  bottle  in  which  a  splinter  is  burnt, 
then  pour  in  a  little  clear  lime-water  and  shake  it  up,  we  shall  notice  that 
the  hme-water  becomes  milky.  This  proves  that  the  bottle  contains  some- 
thing beside  oxygen,  for  on  shaking  a  bottle  of  pure  oxygen  with  lime-water 
no  milkiness  is  produced.  The  milkiness  is  caused  by  the  carbonic  acid 
uniting  with  the  lime  in  the  water  to  form  an  insoluble  substance  called 
calcium  carbonate.  On  burning  the  sulphur  a  pungent  smell  was  noticed. 
This  IS  produced  by  a  gas  called  sulphur  dioxide,  which  is  formed  when 
sulphur  burns  in  air  or  oxygen  (S  +  ©2=  SO.,).  On  placing  a  little  water  in 
the  jar  in  which  sulphur  has  been  burnt,  this  sulphur  dioxide  is  dissolved, 
and  the  water  acquires  a  sour  taste  and  the  power  of  turning  blue  litmus 
red.    Bodies  possessing  this  taste  and  this  power  are  called  acids. 

We  thus  see  that  when  bodies  burn  in  oxygen  neither  the  substance 
burnt  nor  the  oxygen  is  destroyed,  but  that  they  unite  together  to  form 
chemical  compounds,  and  that  these  compounds  possess  properties  different 
from  their  constituents. 

73.  Oxides  and  Oxidation.— Oxides  are  binary  compounds  formed  by 
the  union  of  oxygen  with  other  elements.  The  process  of  uniting  with 
"c^Sen  IS  called  oxidation.  Thus  carbonic  acid  (CO,),  sulphur  dioxide 
(SO,,),  hme  or  calcium  oxide  (CaO),  soda  or  sodium  oxide  (Na.,0),  and 
phosphorous  pentoxide  (P.,0,)  belong  to  this  class  of  compounds.'  Some 
elements,  as  iron,  form  more  than  one  oxide.  We  have  FcO^,  ferric 
oxide,  and  Fe,0.„  magnetic  oxide  or  triferric  tetroxide.  The  oxides  formed 
by  the  union  of  oxygen  with  the  non-metallic  elements  (except  water,  H,0) 
are  compounds  which  dissolve  in  water  to  form  acids.  Many  of  the  metals 
by  their  union  with  oxygen  form  oxides  of  an  opposite  character,  called 
bases.  Some  of  these  dissolve  in  water,  and  produce  liquids  of  a  soapy, 
disagreeable  taste.  They  restore  the  blue  colour  to  litmus  reddened  by  an 
acid,  and  are  said  to  possess  alkaline  properties.    Acids  and  bases  thus 
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neutralise  one  another,  and  the  compounds  formed  by  their  reaction  are 
called  in  chemistry  salts. 

•J4.  Combustion. — Oxidation  is  a  chemical  action,  and  like  other  che- 
mical actions  is  accompanied  by  a  development  of  heat.  Sometimes*  as 
when  iron  rusts  or  organic  matter  decays,  oxidation  goes  on  very  slowly.  At 
other  times  the  oxidation  goes  on  so  rapidly,  and  the  heat  developed  is  so 
great,  that  light  is  produced.  It  is  then  called  combustion.  Thus,  corn- 
bustion  is  rapid  chemical  action  attended  with  great  heat  and  light.  In  ordi- 
nary combustion  the  fuel  or  substance  burnt  (coal,  coal  gas,  wax,  tallow, 
&c. )  consists  of  compounds  of  carbon  and  hydrogen.  The  products  of  this 
combustion  are  two  oxides— carbonic  acid,  COo,  and  water  vapour,  H._,0. 
75.  Preparation  and  Properties  of  Hydrogen. — Hydrogen  is  another 

important  gas  that 
can  be  easily  pre- 
pared and  collected, 
so  that  its  properties 
may  be  ascertained. 
To  do  this  we  require 
a  flask  with  a  cork 
that  has  two  holes 
bored  in  it.  Into 
one  of  these  holes  we 
place  a  funnel  having 
a  thistle-shaped  cup 
at  the  top,  so  that 
liquid  can  Idc  poured 
down  it  into  the  flask. 
Into  the  other  Hole 
of  the  cork  the  bent 
delivery  tube  is  placed  to  carry  the  gas  given  off'  to  the  pneumatic  trough. 
Before  placing  the  cork  into  the  flask  we  put  in  a  few  pieces  of  zinc.  Then 
the  cork  with  the  tubes  is  put  in,  and  sufficient  water  is  poured  down  the 
thistle  funnel  to  cover  over  the  zinc  to  the  depth  of  half  an  inch.    A  small 
quantity  of  sulphuric  acid  is  now  added  to  the  water,  and  the  zmc  soon 
begins  to  react  with  the  dilute  sulphuric  acid,  and  a  brisk  bubblmg  or 
effervescence  is  caused  by  the  escape  of  hydrogen  gas.    At  first  the 
hydrogen  is  mixed  with  the  air  that  was  m  the  flask,  but  after  a  short  tmie 
it  comes  off  pure.    Two  or  three  jars  may  now  be  collected  m  the  same 
way  as  the  oxygen  was  collected. 

Take  a  jar  of  the  colourless  hydrogen  thus  collected,  and  keepmg  Us 
mouth  downwards  put  into  the  jar  a  lighted  taper.  The  hydrogen  takes 
fire  and  burns  with  a  pale  blue  flame,  but  the  taper  on  bemg  pushed  mto 
the  jar  goes  out.  We  thus  see  that  hydrogen  is  a  combustible  gas,  but  not 
a  supporter  of  combustion.  Take  another  jar  and  turn  its  mouth  upwards  ; 
leave  it  thus  for  about  half  a  minute,  and  then  bring  a  lighted  taper  to  the 
mouth.  No  effect  is  produced,  as  the  gas  has  all  passed  into  the  atmosphere. 
Hydrogen  is  the  lightest  of  all  gases,  and  when  a  jar  ^s^ft  mouth  upwards 
for  only  a  short  time  all  the  hydrogen  escapes  into  the  air.  ^^^^n  hydrogen 
burns  it  unites  with  the  oxygen  of  the  air  to  form  water,  Ho-fU-M.U 
(see  Combustion). 

76.  Water— Chemical  Composition  of  Water-Synthesis 
and  Analysis.— Whether  water  exists  in  the  form  of  soUd 
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ice,  of  a  liquid,  or  of  a  gas,  it  has  the  same  chemical  composition, 
and  always  consists  of  hydrogen  and  oxygen  chemically  united. 
The  formula  of  water  is  HjO,  and  since  the  atomic  weight  of 
hydrogen  is  i  and  of  oxygen  16,  we  have  2  parts  by  weight 
of  hydrogen  to  16  parts  by  weight  of  oxygen,  i.e.  water 
consists  of  eight-ninths  of  oxygen  by  weight  and  one-ninth  of 
hydrogen  by  weight ;  but  its  compo- 
sition can  be  proved  in  two  ways — by 
synthesis  and  by  analysis. 

Synthesis  (Gr.  syn,  together;  thesis, 
a  putting)  is  the  building  up  of  a  com- 
pound out  of  the  elements  that  com- 
pose it.  To  prove  that  water  is  pro- 
duced synthetically  when  hydrogen 
burns  in  air  or  oxygen,  we  take  the 
apparatus  used  for  preparing  hydro- 
gen, and  in  place  of  the  delivery  tube 
we  arrange  the  apparatus  as  shown 
in  the  figure.  The  thicker  horizontal 
tube  is  called  a  drying  tube  ;  it  con- 
tains pieces  of  calcium  chloride  in 
order  to  dry  the  hydrogen,  so  that  we 
may  be  sure  that  no  water  vapour  is 
carried  along  in  the  escaping  gas.  A  ^/--Synthesis  of  Water, 
perfectly  dry  tube  is  prepared,  and  after  the  gas  has  been 
escaping  some  time  so  that  all  the  air  is  carried  out,  we 
light  the  escaping  gas  and  bring  over  it  the  dry  tube.  The 
water  vapour  formed  by  the  combustion  of  the  hydrogen  is 
condensed  on  the  cold  sides  of  the  tube,  and  drops  of  water 
may  be  seen  trickling  down.  Thus  water  is  proved  to  be  formed 
when  hydrogen  burns. 

On  mixing  oxygen  and  hydrogen  in  a  stout  soda  water  bottle  in  the  pro- 
portion of  one  volume  of  oxygen  to  two  volumes  of  hydrogen,  and  applying 
a  light,  the  two  gases  unite  with  a  loud  explosion  to  form  two  or  three 
drops  of  water. 

Analysis  (Gr.  ana,  apart ;  and  lusis,  a  loosening)  is  the  breaking  up  a 
compound  into  the  elements  that  compose  it.  To  analyse  water— that  is, 
to  separate  it  into  its  two  elements— we  require  the  aid  of  electricity  from 
a  galvanic  battery.  This  electricity  has  the  power  of  decomposing  water  so 
as  to  split  it  up  into  its  constituent  elements.    The  apparatus  required  is 
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called  a  voltameter,  and  is  shown  in  the  figure.  The  wires  proceeding  from 
a  battery  are  made  to  pass  into  the  vessel  V,  and  at  the  ends  of  these 

wires  a  piece  of  platinum-foil  is  attached. 
The  water  in  the  vessel  V  is  slightly  acidu- 
lated with  sulphuric  acid,  in  order  to  make  it 
a  good  conductor  of  electricity.  Two  tubes 
are  filled  with  the  same  kind  of  water,  and 
placed  mouth  downwards  in  the  vessel  V,  so 
that  one  of  the  platinum  terminals  at  the  end 
of  each  wire  is  under  the  mouth  of  each  tube. 
On  setting  the  galvanic  battery  in  action  the 
electricity  passes  into  the  water,  and  gas 
bubbles  are  seen  to  rise  from  each  slip  of 
platinum,  and  these  collect  in  the  tubes  placed 
to  receive  them.  More  gas  is  given  off  from 
one  pole  than  from  the  other,  and  when  one  tube  is  full  the  other  is  only  half 
full.  Take  away  the  tube  first  full,  keeping  the  thumb  over  the  end.  In- 
vert the  tube,  quickly  remove  the  thumb,  and  apply  a  light.  The  gas  bums 
with  a  pale  blue  flame,  showing  that  it  is  hydrogen.  After  the  second  tube 
is  filled,  it  may  be  removed  in  the  same  way,  and  dipping  a  glowing  splinter 
into  this  gas,  the  wood  bursts  into  flame,  and  the  gas  is  thus  seen  to  be 
oxygen.  This  proves  analytically  that  water  consists  of  two  volumes  of 
hydrogen  united  to  one  volume  of  oxygen. 

77.  Carbon  is  found  free  in  nature  as  diamond  and  as  graphite.  Diamond 
is  a  crystallised  form  of  carbon,  the  crystals  of  diamond  having  an  octo- 
hedral  shape.    Diamond  is  the  hardest  substance  known,  has  a  specific 


Fig.  18. -Analysis  of  Water. 


Fig.  19.— Diamond  Crystal.  Fig.  20.— Crystal  of  Graphite. 

gravity  of  3-3,  and  when  burnt  in  oxygen  by  means  of  an  electric  current, 
forms  carbon  dioxide,  CO,,  just  as  other  forms  of  carbon  do. 

Graphite,  also  called  plumbago  or  black-lead  (though  it  contains  no 
lead),  is  also  a  natural  variety  of  carbon,  sometimes  found  cr}'tainsed  in 
hexagonal  plates,  and  is  much  used  for  making  black-lead  pencils.  Its 
specific  gravity  is  only  2  -2,  but  it  is  shown  to  be  carbon  because  it  yields 
the  same  gas  on  combustion  as  other  varieties  of  carbon. 

Carbon  also  occurs  in  different  artificial  substances,  as  charcoal,  coke, 
soot,  lampblack,  &c.  By  placing  one  or  two  pieces  of  wood  in  a  test-tube 
of  hard  glass,  and  strongly  heating  this  in  a  slanting  position,  a  piece  of 
wood  charcoal  may  be  prepared.  Steam,  white  fumes,  and  a  tarr)'  liquid 
are  driven  out  of  the  wood,  and  Ihe  charcoal  is  left  behind. 
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78.  Oxides  of  Carbon. — Carbon  unites  with  oxygen  to  form  two  oxides, 
carbon  monoxide  (CO)  and  carbon  dioxide  (C0„).    Carbon  dioxide  is  also 
known  as  carbonic  acid  and  carbonic  anhydride.    This  last  oxide  contains 
twice  as  much  oxygen  as  the  other,  and  it  is  so  important  a  gas  that  we 
must  give  particular  attention  to  the  way  of  preparing  it,  and  to  its  chief 
properties.    As  already  explained  in  speaking  of  combustion,  carbon  dioxide 
is  produced  when  carbon,  or  any  substance  containing  carbon,  is  burnt  in 
air  or  oxygen  (C  +  0.  =  CO,).    If  we  burn  a  candle  fastened  to  a  wire  in  a 
long  glass  cylinder  containing  air,  and  cover  the  mouth  of  the  cylinder  with 
a  piece  of  paper,  we  shall  see  that  the  candle  burns  brightly  at  first,  but 
soon  becomes  feeble,  and  at  last  goes  out.    It  goes  out  because  it  has 
'jsed  up  the  oxygen  in  the  formation  of  carbon  dioxide.    Animals  give  off 
carbon  dioxide  during  the  process  of  breathing,  and  it  is  one  of  the  gases 
produced  during  the  decay  of  organic  bodies.    There  are,  however,  other 
interesting  modes  of  preparing  this  gas.    Limestone  or  chalk  is  a  chemical 
compound  called  calcium  carbonate,  and  contains  three  elements,  a  metal 
calcium,  the  solid  carbon,  and 
the  gas  oxygen.   Its  chemical 
formula  is  represented  thus  : 
CaCOj.    If  this  limestone  be 
strongly  heated  it  suffers  de- 
composition, for  carbon  di- 
oxide is  driven  out  of  it,  and 
the  oxide  of  calcium  is  left 
behind.     We  can  represent 
this  change  thus  :  CaCO,,= 
CaO  +  CO.,.    This  means  that 
the  calcium  carbonate  splits  up 
into  the  two  binary  compounds, 
calcium  oxide  or  lime  (CaO) 
and   carbon   dioxide  (CO,). 
This  is  an  experiment  carried  _ 
on  every  day  on  a  large  scale 
in  great  furnaces  called  lime-  21-— Preparation  of  Carbon  Dioxide. 

kilns.  The  carbon  dioxide  escapes  into  the  air,  and  the  lime  is  left  be- 
hind as  a  white  hard  solid.  This  white  hard  solid,  CaO,  is  often  spoken 
of  as  quickli7)ie.  On  adding  water  to  the  quicklime,  chemical  union  takes 
place,  with  the  development  of  so  much  heat  that  some  of  the  water  is 
turned  into  steam.  ^  Quicklime  united  to  water  forms  slaked  lime  (CaO  + 
H20  =  CaH202).  We  cannot,  however,  easily  collect  the  carbonic  acid 
driven  out  of  limestone  by  heat.  But  there  is  a  way  in  which  this  gas  can 
be  collected.  To  do  this  we  place  a  few  pieces  of  calcium  carbonate  in  a 
bottle  fitted  up  as  shown  in  the  figure.  Limestone,  chalk,  and  marble  are 
all  forms  of  calcium  carbonate,  so  that  pieces  of  any  of  these  substances  will 
serve.  Carbonates  are  a  class  of  bodies  formed  by  the  union  of  carbonic 
acid  (CO2)  with  the  oxide  of  a  metal,  and  one  of  the  most  distinguishing 
marks  of  carbonates  is  that  they  effervesce  when  any  acid  is  added  to  them. 
This  effervescence  or  bubbling  is  simply  due  to  the  carbon  dioxide  that  is 
driven  off.  If,  then,  we  add  to  the  pieces  of  calcium  carbonate  placed  in 
the  bottle  some  dilute  hydrochloric  acid,  the  carbon  dioxide  is  driven  off. 
The  gas  may  either  be  collected  at  the  pneumatic  trough,  or,  as  it  is  \\  times 
heavier  than  air,  it  may  be  collected  by  simply  allowing  it  to  fall  down  to 
the  bottom  of  the  jar  and  gradually  lift  out  the  lighter  air. 
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Carbon  dioxide  is  a  colourless  gas  that  is  neither  combustible  nor  sup- 
ports combustion.  If  a  lighted  candle  be  placed  in  a  jar  of  the  gas,  it  is  at 
once  extinguished.  A  small  animal  placed  in  a  jar  of  the  gas  is  soon  killed. 
Water  dissolves  about  its  own  volume  of  the  gas,  and  the  solution  of  cai\bon 
dioxide  in  water  has  a  feeble  acid  taste.  To  prove  the  presence  of  carbonic 
acid  the  following  iest  is  employed,  A  small  quantity  of  lime  (CaO)  is  dis' 
solved  in  water,  and  the  clear  solution  obtained  is  called  lime-water.  On 
adding  lime-water  to  a  vessel  containing  carbonic  acid  the  lime-water 
becomes  milky,  owing  to  the  formation  of  insoluble  calcium  carbonate, 
which  is  said  to  fall  down  or  be  precipitated.  The  lime  in  the  water  unites 
with  the  carbon  dioxide  to  form  the  calcium  carbonate  thus  :  CaO  -t-  CO,= 
CaCOj.  It  is  the  particles  of  this  white  insoluble  calcium  carbonate  that 
give  the  water  its  milky  appearance.  It  is  of  great  importance  to  notice 
that  calcium  carbonate  is  insoluble  in  pure  water.  If,  however,  we  take 
some  lime-water  in  a  glass  beaker,  and  cause  carbonic  acid  to  bubble  through 
it  for  a  considerable  time,  we  shall  be  able  to  notice  that  although  it  be- 
comes milky  at  first,  yet,  on  continuing  to  bubble  in  more  carbonic  acid,  il 
becomes  clear.  We  thus  learn  that  although,  as  stated  above,  calcium  car- 
bonate is  quite  insoluble  in  pure  water,  it  dissolves  in  water  which  contains 
carbon  dioxide  in  solution.  On  boiling  the  clear  solution  just  obtained  the 
carbon  dioxide  is  driven  off,  and  the  calcium  carbonate  is  again  precipitated. 
Rain-water  dissolves  a  little  carbonic  acid  as  it  falls  through  the  air,  and  it 
obtains  more  as  it  percolates  through  ground  containing  decaying  animal 
and  vegetable  matter.  In  this  way  it  becomes  able  to  dissolve  calcium 
carbonate,  and  in  those  parts  of  the  country  where  chalk  and  limestone 
rocks  abound  parts  of  the  rocks  are  slowly  dissolved  away,  and  the  water 
of  the  springs  and  streams  contains  small  quantities  of  calcium  carbonate  in 
solution.  Such  water  is  called  '  hard  water,'  and  when  used  for  washing 
purposes  it  only  '  lathers '  with  difficulty.  Water  which  contains  no  calcium 
salts  in  solution,  such  as  pure  distilled  water,  or  rain-water  as  it  falls,  is 
'  soft,'  and  the  soap  '  lathers  '  easily  with  such  water. 

79.  Distinction  between  Compounds  and  Mixtures. — We  must  care- 
fully distinguish  between  mixing  things  together,  and  causing  them  to 
unite  together  so  as  to  form  a  new  compound.  In  some  few  cases  elements 
unite  at  once  on  being  brought  into  close  contact,  but  frequently  heat, 
electricity,  or  some  other  force  must  be  used  to  bring  about  chemical 
union.  If  we  take  some  iron  filings  and  sulphur  we  may  mix  them  together 
in  any  proportion,  but  they  do  not  unite.  With  a  magnifying  glass  the 
particles  of  the  iron  and  the  sulphur  can  be  separately  distinguished,  and 
by  throwing  the  mixture  into  water  we  shall  see  that  most  of  the  hea\^ 
particles  of  iron  sink  at  once  to  the  bottom,  whilst  the  lighter  sulphur 
either  floats  or  sinks  much  more  slowly  ;  or  we  may  dip  a  magnet  into  the 
mixture,  and  in  this  way  the  magnet,  which  attracts  iron  and  not  sulphur, 
may  be  made  to  pull  out  all  the  metal  and  leave  the  sulphur  behind.  Now 
take  fifty-six  parts  by  weight  of  iron  and  thirty-two  parts  by  weight  of 
sulphur,  and  heat  the  mixture  in  a  hard  glass  tube.  After  a  time  you  see 
a  deep  red  glow  quickly  spread  through  the  mixture  as  chemical  union 
takes  place.  If  now  you  examine  the  material,  you  will  see  that  you  can 
no  longer  distinguish  the  iron  and  the  sulphur  separately,  nor  is  the  sub- 
stance any  longer  attracted  by  the  magnet.  A  new  substance  has  been 
formed,  having  properties  different  from  those  of  the  two  elements  com- 
posing it.  This  new  substance  is  a  chemical  compound  called  sulphide  of 
iron.    Notice,  then,  (i)  that  in  a  mixture  the  substances  can  be  separated 
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by  mechanical  means,  and  that  the  substances  formmg  the  mixture  may  be 
mixed  in  any  proportion,  while  the  properties  of  a  mixture  partake  of  the 
properties  of  the  substances  put  together ;  (2)  that  in  a  compound  the 
substances  unite  together  so  that  they  cannot  be  separared  by  mechanical 
means,  and  the  union  takes  place  in  certain  definite  proportions,  viz.  that 
of  their  atomic  weights  or  simple  multiples  thereof,  and  that  the  compound 
is  a  new  substance,  possessing  properties  different  from  the  elements 
composing  it.  . 

80.  Distinction  between  Physical  and  Chemical  Changes  m  Matter.— 
If  we  take  a  piece  of  iron  and  heat  it  till  it  becomes  red-hot,  it  is  still  iron. 
Hot  iron  has  the  same  composition  as  cold  iron.  If  we  take  the  piece  of 
iron  and  mrjnetise  it  with  a  magnet,  so  that  it  will  attract  other  pieces  of 
iron,  it  is  stitl  iron  ;  for  magnetised  iron  has  the  same  composition  as  iron 
not  magnetised.  The  changes  that  the  iron  has  undergone  have  given  it 
new  properties,  but  they  have  not  altered  its  composition.  Such  changes 
are  called  physical  changes,  and  the  physical  properties  of  a  body  refer  to 
its  condition,  whether  solid,  liquid,  or  gaseous.  Hardness,  colour,  density, 
crystalline  form,  and  the  state  of  the  body  as  regards  its  heat  and  electricity 
are  physical  properties.  But  wherever  there  is  a  chemical  change,  whether 
it  take  place  slowly  or  quickly,  we  have  a  change  in  composition.  Thus  if 
iron  be  exposed  to  moist  air,  it  takes  up  something  from  the  air,  and 
becomes  covered  with  a  red  substance  called  rust.  Rust  is  a  new  substance, 
of  a  different  composition  as  well  as  of  a  different  colour,  and  with  the 
force  of  cohesion  much  less  than  in  the  iron  ;  and  as  it  is  formed  by  the 
chemical  union  of  iron  and  oxygen,  it  is  a  compound.  The  formation  of 
rust  is  an  example  of  a  chemical  change.  The  only  property  that  chemical 
action  is  powerless  to  alter  is  that  of  weight.  There  is  neither  loss  nor 
increase  of  weight  in  any  chemical  action,  for  matter  can  neither  be  created 
nor  destroyed.  l6  parts  by  weight  of  oxygen,  whether  grains  or  ounces  or 
pounds,  always  unite  with  two  parts  by  weight  of  hydrogen  to  produce  1 8 
parts  by  weight  of  water.  When  iron  rusts,  the  oxide  of  iron  thus  formed 
(Fe.,03)  is  equal  in  weight  to  the  iron  and  oxygen  that  enter  into  combina- 
tion, twice  56  parts  by  weight  of  iron  (56  is  the  atomic  weight  of  iron) 
uniting  with  three  times  16  parts  by  weight  of  oxyge^n.  If  pure  marble 
(calcium  carbonate)  be  strongly  heated,  it  is  decomposed  into  quicklime 
(CaO)  and  carbon  dioxide  (CO2),  and  the  united  weights  of  the  substances 
thus  produced  are  equal  to  the  weight  of  calcium  carbonate  taken. 

81.  Laws  of  Chemical  Combination. — The  student  is  now  able  to 
understand  the  fixed  laws  which  regulate  the  relative  proportions  in  which 
the  elements  unite  to  form  the  numerous  compounds. 

Law  I .  —  The  same  chemical  compound  ahvays  contains  the  same  elements 
united  together  in  the  same  propoi-tions.  This  may  be  called  the  law  of 
constant  composit  ion  or  fixed  proportions.  Water  (HoO)  always  consists  of 
16  parts  by  weight  of  oxygen  united  to  2  parts  by  weight  of  hydrogen,  so 
that  in  100  parts  by  weight  of  water  there  will  be  88  •§  parts  by  weight  of 
oxygen  and  ii-i  parts  by  weight  of  hydrogen.  Carbonic  acid  (COj)  is 
always  composed  of  12  parts  by  weight  of  carbon  and  32  parts  by  weight 
of  oxygen,  its  per-centage  composition  being  invariably  27^  of  carbon  and 
725^  of  oxygen. 

Law  2.  —  When  two  elements  are  capable  of  uniting  in  more  than  one 
proportion,  these  proportions  will  be  a  simple  multiple  of  each  other. 
Thus  carbon  forms  two  compounds  with  oxygen,  carbon  monoxide  (CO) 
and  carbon  dioxide,  or  carbonic  acid  (CO J.    In  the  first  we  have  12  parts 
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by  weight  of  carbon  uniting  with  i6  parts  by  weight  of  oxygen,  and  in  the 
second  we  have  12  parts  by  weight  of  carbon  uniting  with>^/..  ,6  parts 
by  weight  of  oxygen.  We  have  never  a  compound  of  oxygen  formed  in 
which  a  fractional  part  of  16  is  taken,  but  always  some  multiple  of  16  \  So 
lor  other  elements.  Each  atom  of  one  element  unites  with  i,  2,  or  ^  atoms 
°u,  ^^^"^e"''  in  some  other  simple  ratio,  because  the  atom  is 
indivisible.    This  is  called  the  law  of  multiple  proportions. 

Law  I.— Each  element  in  combining  with  other  elements,  or  in  displa- 
cing others  from  their  compounds,  does  so  in  a  fixed  numerical  proportion 
Ihis  IS  known  as  the  law  of  equivalent  proportions. 

Law  i,.  —  The  combining  or  ?nolecular  weight  of  a  cheviical  compound  is 
the  sum  of  the  combining  weights  of  the  atoms  of  the  elements  composing  it 
wttamed  m  a  molecule  of  the  compoutid.  This  may  be  called  the  law  of 
molecular  weights.  ■' 

82.  Modes  of  Chemical  Action.— Most  examples  of  chemical 
change  may  be  referred  to  the  following  divisions  :— 

(1)  Cases  of  direct  combination  of  elements  (formation  of  a 
compound  by  synthesis)  : 

S    +    O,    =  SO2 
Sulphur.    Oxygen.  Sulphur 

dioxide. 

(2)  Cases  of  simple  decomposition  {analysis  of  a  com- 

H,0    =    H2      +  O 
Water.      Hydrogen.  Oxygen. 

(3)  Cases  of  decomposition  by  substitution  or  displace 

"'^''^  ■         Zn    +    H2SO4    =  ZnS04  + 

Zinc.         Sulphuric  Zinc  Hydrogen, 

acid.  sulphate. 

(4)  Cases  of  double  decomposition  : 

2HCI   +    CaCOg  =  CaCl2  +  HoO  +  CO2 
Hydrochloric       Calcium        Calcium      Water.  Carbon 
acid.  carbonate.      chloride.  dioxide.  • 


pound) 


CHAPTER  VL 

ROCKS— THEIR  COMPOSITION,  CLASSIFICATION, 
AND  ARRANGEMENT. 

83.  Having  now  learnt  something  about  the  properties  of 
matter,  and  the  various  forces  which  act  upon  it  so  as  to  pro- 
duce changes  in  it,  and  understanding  the  difference  between 
physical  and  chemical  changes,  we  are  ready  to  begin  a  more 
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particular  inquiry  into  the  different  masses  of  matter  which 
make  up  our  globe,  the  land,  the  sea,  and  the  surrounding  air. 
We  will  begin  with  the  solid  part  of  the  globe,  which  we  call 
the  land. 

84.  Meaning  of  Crust. — The  science  which  treats  of  the 
composition,  arrangement,  and  changes  of  the  materials  forming 
the  solid  part  of  the  earth  is  called  Geology.  Geologists  often 
speak  of  the  '  crust  of  the  earth.'  By  this  term  we  are  to 
understand  the  exterior  portion  so  far  as  it  has  been  brought 
under  our  observation  and  reasoning.  Hence  the  term  crust  is 
used  to  denote  the  'upper  or  outer  layers  of  the  earth's  mass.' 
We  have  no  means  of  knowing  what  is  now  the  real  structure 
and  condition  of  the  earth's  interior,  but  by  inspecting  quar- 
ries, railway  cuttings,  sea  cliffs,  ravines,  wells,  mines,  and  the 
materials  sent  out  by  volcanoes,  we  can  learn  something  about 
the  outer  parts  of  the  solid  earth,  and  it  is  to  this  outer  portion  , 
that  we  refer  when  we  speak  of  the  '  crust.'  The  total  thick- 
ness of  the  earth's  crust  penetrated  by  man  is  only  a  few 
thousand  feet,  and  the  highest  mountains  are  not  more  than 
30,000  feet  high.  Although  our  reasoning  may  lead  us  to  infer 
something  about  the  rocks  to  a  depth  of  nearly  fifty  miles,  yet, 
considering  that  the  centre  of  the  earth  is  nearly  4,000  miles 
from  the  surface,  we  have  only  knowledge  of  but  a  small 
fraction  of  the  earth's  radius. 

85.  Definition  of  Bock.— Every  one  has  noticed  that  the  solid  parts  of 
the  earth  consist  of  distinct  substances,  such  as  clay,  hmestone,  chalk 
sand,  coal,  peat,  granite,  &c. ;  and  to  these  several  substances  which  form 
the  rnatenals  of  the  earth's  crust  we  give  the  name  rock.  Some  are  hard 
and  hrm,  others  are  soft  and  loose;  but  all  alike  are  called  rocks.  Hence 
we  see  that  while  in  ordinary  language  the  word  rock  denotes  a  great  mass 
ot  hard  stone,  in  geology  a  rock  is  any  jnass  of  natural  substatice  forming 
pa7t  of  the  earth's  crust.  In  this  sense,  loose  sand,  gravel,  and  soft  clay 
are  as  much  rocks  as  hard  limestone  and  granite. 

86.  The  Materials  of  which  Rocks  are  composed.— Rocks  are  formed 
of  various  materials  called  minerals.    If  we  take  a  piece  of  sandstone  rock 
or  a  piece  of  granite,  we  shall  probably  be  able  to  notice  that  the  rock  is 
made  up  of  different  substances. 

87.  Let  us  first  examine  a  specimen  of  sandstone.  On  looking  at  it 
carefu  ly,  especially  if  we  use  a  magnifying  glass,  we  see  that  it  is  composed 
of  little  rounded  grains  of  a  glassy-looking  substance  cemented  together 
In  some  specimens  these  grains  are  larger  than  in  others.  This  cementinc 
matenal  is  not  the  same  in  all  sandstones,  but  in  our  specimen  it  is  formed 
of  calcium  carbonate,  for  when  we  drop  a  little  dilute  hydrochloric  acid  on 
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tiie  rock  there  is  an  effervescence.  The  cementing  material  is  dissolved, 
but  the  little  rounded  grains,  which  consist  of  quartz,  are  not  affected  by 
the  acid.  The  sandstone,  then,  consists  of  quartz  grains  cemented  together 
by  calcium  carbonate.    It  is  called  a  calcareous  sandstone.  ^ 

88.  Now  take  a  piece  of  graniie,  and  break  it  with  a  hammer  to 
get  a  clean-cut  face.  On  looking  at  this  face  we  see  that  the  rock  is  made 
up  of  three  different  substances. 

One  of  these  has  a  glassy  appearance  like  the  grains  in  the  sandstone, 
and  is  so  hard  that  we  cannot  scratch  it  with  a  knife.  This  is  quartz. 
Another  of  the  substances  is  of  a  dull  white  or  pinkish  colour.  It  lies  in 
long  smooth-faced  crystalline  patches,  which  easily  break  along  a  number 

of  smooth  parallel  surfaces 
having  a  pearly  lustre. 
It  can  be  scratched  with 
difficulty  by  the  point  of  a 
knife.  This  substance  is 
called  felspar.  The  third 
substance  consists  of  bright 
glistening  plates,  some- 
times of  a  dark  colour, 
which  can  be  easily 
scratched,  and  which 
readily  split  into  trans- 
parent leaves.  This  is 
mica  (Lat.  mko,  to  glis- 
ten). Notice  that  these 
substances  do  not  occur 
in  any  definite  order,  but 
are  scattered  about  through  the  stone  irregularly,  the  felspar  occurring  in 
some  specimens  in  larger  crystals  than  in  others. 

Hence  we  see  that  granite  consists  of  a  mixture  of  three  substances, 
called  quartz,  felspar,  and  mica,  the  felspar  being  in  greatest  quantity. 
Each  of  these  substances  possesses  properties  more  or  less  peculiar  to  itself, 
such  as  hardness,  solubility  in  acids,  specific  gravity,  crystalline  form,  way 
of  splitting,  &c.  Moreover,  each  of  these  substances  has  a  constant 
chemical  composition. 

Thus  quartz  is  a  binary  compound  known  in  chemistry  as  silica,  and  a 
molecule  always  consists  of  one  atom  of  silicon  united  to  two  atoms  of 
oxygen  (SiO,).  The  calcium  carbonate  is  represented  by  the  formula 
CaCog.  It  is  a  ternary  compound,  formed  of  the  three  elements  calcium, 
carbon,  and  oxygen  chemically  united.  It  may  also  be  regarded  as  formed 
of  the  two  oxides,  CaO,  calcium  oxide  or  quicklime  ;  and  COo,  carbon 
dioxide  (CaO,CO„). 

Felspar  contains  four  elements.  Its  formula  may  be  thus  represented  : 
Al203,K„0,6Si02.  This  shows  it  to  be  made  up  of  three  oxides,  ALO3, 
alumina  ;  KoO,  potash  ;  SiOj,  silica. 


Fig.  22. — Piece  of  Granite  (crystals  of  felspar  light, 
of  mica  black). 


89.  Bodies  like  these,  which  have  a  definite  chemical  com- 
position and  constant  physical  properties,  are  called  minerals  ; 
and  rocks  are  formed  either  of  one  mineral,  or  more  generally 
of  a  mechanical  mixture  of  minerals.    Hence  we  give  the 
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following  definition  of  a  mineral : — A  mineral  is  a  naturally 
formed  inorganic  substance  whic/i  Jias  a  co?istani  chemical  com- 
position and  constatit  physical  properties.  This  definition  may 
be  understood  to  include  such  substances  as  coal  and  chalk, 
which  are  the  mineralised  remains  of  plants  and  animals  re- 


FlG.  23.  — Crystals  of  Quartz  (rock-crystal).    The  lines  on  the  crystals  only 
indicate  shading. 

spectively.  Even  water  and  the  gases  of  the  atmosphere  may- 
be said  to  belong  to  the  mineral  kingdom  of  nature,  as  plants 
and  their  parts  are  said  to  belong  to  the  vegetable  kingdom, 
and  animals  and  their  parts  to  the  animal  kingdom. 

90.  Ores  are  minerals  from  which '  useful  metals  may  be  extracted. 
Thus  tinstone,  or  oxide  of  tin  (SnO.,),  galena,  or  sulphide  of  lead  (PbS), 
and  red  hematite,  or  ferric  oxide  (FeaO^),  are  ores.  The  metallic  ores  occur 
scattered  through  other  rocks  chiefly  in  narrow  veins  or  threads,  called 
?netallic  veins. 

Some  metals  are  found  free,  that  is,  uncombined  with  any  other  element, 
and  they  are  then  said  to  be  native.  Gold,  silver,  platinum,  and  copper 
are  found  native. 
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91.  Chief  Rock-forming  Minerals — The  total  number  of  rock -forming 
ramerals  is  very  large,  but  many  of  them  are  very  rare,  and  form  but  a  very 
small  part  of  the  earth's  crust.  The  special  study  of  minerals  belongs  to  a 
science  called  Mineralogy.  A  few  of  the  most  important  minerals  will 
now  be  described.  ^ 

92.  Quartz.— As  already  mentioned,  this  mineral  consists  of  pure  silica 
and  when  crystallised  is  known  as  rock-crystal.  The  crystals  when  com- 
plete consist  of  six-sided  prisms  terminated  at  each  end  by  six-sided 
pyramids.    (See  par.  31.) 

Natural  crystals,  however,  are  seldom  perfect  and  regular  at  both  ends 
(see  fig.  23).  They  are  often  matted  together,  and  some  of  the  faces  ex- 
tended at  the  expense  of  others.  But  the  angles  formed  by  the  meeting  o\ 
the  faces  are  always  of  exactly  the  same  size  for  the  same  kind  of  mineraL 
Rock-crystal  when  pure  is  colourless,  when  slightly  tinted  with  purple 
It  IS  called  amethyst,  and  when  tinted  yellow  it  is  called  cairngorm. 

The  non-crystalline  or  amorphous  varieties  of  quartz  zre.— Chalcedony, 
a  semi-transparent,  waxy-looking  form  of  quartz.  Agate,  a  variety  of 
quartz  coloured  by  metallic  oxides,  the  colours  being  often  arranged  in 
concentric  bands.  It  is  often  cut  for  brooches  and  other  ornaments.  Flint 
a  dark-coloured,  dull-looking  variety  of  silica,  which  breaks  with  a  shell- 
like  fracture.  It  often  occurs  in  irregularly  shaped  nodules  in  chalk. 
Hornstone  and  chert  are  impure  varieties  of  flint. 

93.  Felspar. — Silica  enters  largely  into  combination  with  other  bases 
to  form  a  class  of  comp  ounds  called  silicates.     A  silicate  is  formed  by  the 

union  of  silica  with  the  oxides  of  metals,  the 
metallic  oxides  being  called  bases.  These  sili- 
cates take  a  large  share  in  the  composition  of  the 
rocks  called  igneous  and  vietaiiwrphic  (see  Classi- 
£cation  of  Rocks).  Common  felspar  is  a  silicate 
of  alumina  and  potash,  and  its  composition  may 
be  represented  thus:  ALOj.SSiO.-f K.O,3Si02. 
It  thus  contains  four  elements,  and'  may  be 
looked  upon  as  consisting  of  three  oxides 
chemically  united.  Its  colour  varies  from  white 
to  light  red.  Its  crystals  have  the  shape  of  an 
Fig.  24.-Crystal  of  Felspar.  rhombic  prism.    It  is  only  scratched  by 

a  knife-pomt  with  difficulty.  Some  varieties  of 
felspar  contain  soda  (Na,0)  or  lime  (CaO)  instead  of  potash.  Felspar  is 
the  most  abundant  mineral. 

94.  Mica. — This  mineral  is  also  a  silicate.  There 
are  several  kinds  of  mica,  but  all  contain  silica, 
alumina,  and  potash,  and  the  mineral  is  easily  distin- 
guished from  others  by  readily  splitting  into  laminae 
or  thin  plates,  which  are  both  flexible  and  elastic.  It 
is  soft  enough  .to  be  scratched  by  the  finger-nail.  It 
derives  its  name  from  its  glistening  appearance. 

Other  minerals  composed  of  silicates  are  talc,  ser- 
Fig.  25.— Crystal  of  pentitte,  olivine,  augite,  and  hornblende. 

95-  Calcite  is  the  name  given  to  the  mineral  formed 
by  the  union  of  oxide  of  calcium  and  carbonic  acid,  CaO -f  CO,.  Its 
chemical  name  is  calcium  carbonate,  or  carbonate  of  lime  (CaCOa).  It 
is  easily  scratched  with  a  knife,  and  dissolves  with  effervescence  in  hydro- 
chloric acid.    There  are  several  varieties  of  this  mineral.    Iceland  spar 
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is  the  pure  transparent  form,  having  its  crystals  in  rhombohedrons,  and  ex 
hibiting  the  curious  optical  property  of  double  refraction. 

Dog-tooth  spar  and  nail-head 
are  other  crystalline  forms  of 
calcite. 

96.  Varieties  of  Calcite  or 
Calcium  Carbonate.  —  Statuary 
marble  appears  in  minute  gran- 
ular crystals  matted  together. 
Limestone  is  mostly  an  amorphous 
form  of  calcium  carbonate.  Sta- 
lactites are  semi-translucent  masses 
of  calcium  carbonate  found  hang- 
ing on  the  roofs  of  some  caves. 
Stalagmites  are  similar  masses  found  on  the  floors  of  caves.  Travertine 
is  a  calcareous  deposit  from  springs  w^hich  have  contained  calcium  car- 
bonate in  solution.  As  the  water  gives  off  carbon  dioxide,  and  also  as  it 
evaporates,  the  calcium  carbonate  is  deposited.  When  light  and  porous 
this  deposit  is  called  calcareous  tuff  or  tufa. 

97.  Dolomite,  or  magnesian  limestone,  is  a  mixture  of  calcium  car- 
bonate and  magnesium  carbonate. 

98.  Gypsum  is  a  mineral  composed  of  calcium  sulphate,  or  sulphate  of 
lime  (CaSOj).  It  is  easily  cut  with  a  knife,  and  does  not  effervesce  with 
an  acid. 

Selenite  is  a  crystallised  transparent  variety  of  gypsum. 
Alabaster  is  an  amorphous  translucent  variety  of  gypsum. 

99.  Barytes,  or  heavy  spar,  is  a  sulphate  of  barium  (BaSO.,).  It  is  a 
very  heavy  mineral  of  a  white  colour,  and  often  found  in  mineral  veins. 
It  can  be  scratched  with  a  knife,  but  is  insoluble  in  acids. 

100.  Rock-salt  has  the  same  chemical  composition  as  ordinary  table 
salt,  and  is  known  to  chemists  as  sodium  chloride  (NaCl).  It  crystallises 
in  cubes. 

101.  Carhon  is  found  as  a  mineral  in  two  forms  :  as  diamond,  which  is 
the  hardest  of  all  minerals  ;  and  as  graphite,  plumbago,  or  black-lead. 
This  last  form  was  called  black-lead  because  of  its  resembla-nce  to  the 
metal  lead,  but  it  has  no  lead  in  it,  being  nearly  pure  carbon. 

102.  We  may  here  point  out  the  relative  abundance  of  the  various 
elements  forming  the  above  minerals,  as  well  as  the  most  abundant  of  the 
minerals _  themselves  entering  into  the  crtcst  of  the  earth.  The  following 
tables,  giving  ( i )  the  per-centage  by  weight  of  the  elements  in  the  earth's 
crust,  and  (2)  the  per-centage  of  the  minerals  in  the  earth's  crust,  are  based 
on  the  assumption  that  the  earth's  crust  consists  of  3  miles  of  stratified 
rocks  and  57  miles  of  unstratified  or  igneous  rocks.  They  are  given  on 
the  authority  of  Professor  Prestwich. 


Fig.  26.— Crystal  of  Iceland  Spar. 


I. 


Per-centage  of  Elements  in  the  Earth's  Crust. 


1.  Oxygen  . 

2.  Silicon  , 

3.  Aluminium 

4.  Calcium  . 

5.  Magnesium 

6.  Sodium  . 


50-0 

7- 

Potassium 

.  1-6 

25-0 

8. 

Carbon  | 

lo-o 

9- 

Iron  ( 

4-5 

10. 

Sulphur  1 

.  2-4 

3-5 

ir. 

Chlorine  ,' 

20 

12. 

Other  bodies  . 

.  I'O 
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Oxygen  is  therefore  the  most  abundant  element  in  the  earth's  solid 
crust,  forming  one-half  of  it  by  weight.  Silicon  is  next,  forming  about 
one  quarter  of  the  earth's  crust.  Oxygen  also  forms  eight-ninths  of  water 
by  weight,  and  about  one-fifth  by  weight  of  the  atmosphere.  ^ 

II.   The  Per-centage  of  Minerals  in  the  EartKs  Crust. 
I.  Felspar      .       •  .48 


2.  Quartz      .       •  -35 

3.  Mica.       ...  8 

4.  Talc  ....  5 

5.  Carbonates  of  lime  and 

magnesia 


6.  Amphibole  (horn- 
blende) 

7.  Pyroxene  (augite) 

8.  Diallage  . 

9.  Peridot  (olivine) 

10.  Clay  (in  all  its  forms) 


II.  Other  substances       .  I 

It  is  thus  seen  that  felspar  is  the  most  abundant  mineral ;  but  it  is  also 
.juite  correct  to  say  that  silica  (SiO-J  is  the  most  abundant  compound,  for 
it  not  only  occurs  separately  as  quartz,  forming  35  per  cent,  of  the  crust, 
but  it  occurs  in  combination  with  other  oxides  to  form  felspar  and  other 
silicates  mentioned  above. 

103.  Organic  Rock  Materials. — Besides  the  above  minerals 
that  enter  into  the  composition  of  rocks,  there  are  certain 
other  mineralised  substances  that  form  considerable  parts  of  the 
earth's  crust,  and  which,  being  derived  from  the  animal  and 
vegetable  vi^orld,  are  spoken  of  as  organic  rock  material;  for 
only  animals  and  plants  have  organs.  The  opposite  of  organic 
is  inorganic  or  mineral.  Coal,  peat,  and  amber  consist  of 
organic  matter  derived  from  plants  ;  chalk  and  coral  are  or- 
ganic matter  derived  from  minute  animals.  Hence  they  are 
not,  strictly  speaking,  minerals,  though  often  included  under 
that  name,  and  reckoned  in  the  per-centage  estimates  just 
given. 

104.  Coal.  — Coal  consists  mainly  of  carbon,  and  compounds  of  carbon 
with  hydrogen. 

Plants  consist  of  carbon,  hydrogen,  oxygen,  and  nitrogen  in_  various 
combinations.  After  vegetable  matter  has  been  buried  in  the  earth  it  suffers 
decomposition,  gives  off  various  gases,  such  as  carburetted  hydrogen  (CHj), 
called  also  marsh  gas,  and  by  colliers  fire-damp,  carbonic  acid,  and  water, 
so  that  the  residue  becomes  richer  and  richer  in  carbon. 

By  compression  and  alteration  they  change  into  peat,  lignite,  coal,  and 
anthracite.  The  following  table  from  Roscoe  and  Schorlemmer's  Chemis- 
try, which  gives  the  per-centage  composition  of  these  substances,  shows 
that  the  elements  which  make  up  woody  fibre  are  the  same  as  those  which 
make  up  coal  ;  and  as  we  pass  from  wood  up  to  the  kind  of  coal  called 
anthracite  we  see  how  the  per-centage  of  carbon  increases,  and  how  great 
a  decrease  there  is  in  the  per-centage  of  O  and  N. 

There  is  also  a  slight  decrease  in  the  per-centage  of  hydrogen. 


Coal 


Carbon 

Hydrogen 

Oxygen  and 
M  itrogen 

Wood  

Irish  peat  ..... 
Lignite  from  Cologne  . 

rarthv  pnnl  TrrMrt  l^nv 
j_<ax  Liiy  l-Udl  irum  l_JaX  . 

Cannel  coal  from  Wigan 
Newcastle  Hartley- 
Welsh  anthracite .... 

50-00 
60  -02 
66-96 
74-20 
85-81 
88-42 
94-05 

6-00 

5-88 

5-25 
5-89 
5-85 
5-61 
3-38 

44-00 

34-IO 

27-76 
19-90 

8-34 
5-97 
2-57 

The  v-egetable  nature  of  peat  is  plain  from  its  chemical  composition, 
irom  Its  fibrous  appearance,  and  from  its  being  found  in  boggy  places 
where  marshy  plants  grow  and  decay.  That  coal  also  is  of  vegetable 
occurrence  is  proved  by  its  chemical  composition,  by  the  fact  that  peat 
hW  .17,  ^'ff  P'"''"'"  is  changed  into  a  black  shining  material  resem- 
bling coal  by  the  numerous  fossil  plants  found  in  coal,  and  by  the  fact  that 

cdSVe  SstinctT;;- iSfr-^'  --'^^       ^  -^^^^^^ 
nuaS;  oSi^l  ^L^»Edf  sr:;  ^ 

sanifS^scoT"  ""^"^^  -^'to  the 

of  t^etaUic  '^^^""'''^''^^  '''^  °f  is  chiefly  found  on  the  shores 


Fig.  27.-Various  forms  of  Foraminifera,  highly  magnified 
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secreted  or  separated  from  the  matter  held  in  solution,  and  as  the  animals 
die  their  remains  accumulate  at  the  bottom.  Chalk  is  a  white  rock  com- 
posed almost  entirely  of  calcium  carbonate,  with  a  few  silicious  remains. 

Rub  ofi' a  little  powder  from  the  chalk  into  clean  water,  take  a  little^  of 
the  sediment  that  falls  to  the  bottom  after  washing,  and  place  it  on  a  glass 
slide  under  a  microscope  ;  you  will  then  see  a  number  of  minute  shells  and 
fragments  of  shells  (see  fig.  67^).  Most  of  these  shells  are  skeletons  of 
minute  animals  called  Globigerinas,  animals  consisting  of  a  mere  speck  of 
jelly-like  material.  The  Globigerinas  belong  to  a  group  of  animals  called 
Foraminifera.  Their  small  soft  bodies  are  enclosed  in  variously  shaped 
shells,  which  are  usually  made  up  of  several  chambers,  the  walls  of  which  are 
pierced  by  numerous  holes  or/wawma,  through  which  thread-like  portions 
of  the  animal's  body  protrude.  It  is  a  noteworthy  fact  that  the  ooze  which 
is  dredged  up  from  many  parts  of  the  ocean  floor  is  made  up  of  shells  similar 
to  those  of  which  chalk  consists,  and  we  thus  see  the  way  in  which  the  great 
beds  of  chalk,  forming  what  is  sometimes  called  Foraminifera  land,  have 
been  produced  in  past  ages  of  the  world.  Chalk,  however,  differs  from  the 
Globigerina  ooze  in  having  a  larger  proportion  of  granular  particles,  and  in 
the  absence  of  a  proportion  of  silicious  shells  always  present  in  the  ooze  (see 
pars.  122  and  187).  Both  chalk  and  the  ooze  contain  minute  saucer-shaped 
discs  called  coccoliihs,  or  when  gathered  into  spheroidal  masses,  coccosphores. 
The  foregoing  figure  shows  the  shape  of  some  shells  of  Foraminifera  when 
seen  under  the  microscope.  The  central  one,  c,  shows  filaments  of  the  ani- 
mal's body  protruding  through  the  minute  pores  of  the  shell. .  At  b'  and  d 
the  shells  are  shown  in  section,  so  that  the  internal  chambers  may  be  seen. 

106.  There  is  a  variety  of 
limestone  called  crinoidal  01 
eiicrinital  limestone.  This  is 
composed  largely  of  the  cal- 
careous joints  of  marine  animals 
called  sea-lilies,  or  encrinites, 
which  are  attached  by  means  of 
a  jointed  stem.  Often,  after 
this  limestone  has  been  exposed 
for  some  time  to  the  action  of 
the  weather,  parts  of  these 
jointed  stems  are  distinctly  visi- 
ble. Polishing  such  limestone 
Pig.  28. —Limestone  showing  Stems  of  Encrinites.  also  brings  out  its  Structure, 

107.  Coral  is  also  an  organic  rock  substance,  for  it  likewise 
consists  of  calcium  carbonate  which  has  been  secreted  from 
sea  water  by  certain  small  gelatinous  animals  that  belong  to 
the  class  called  Actinozoa.  This  particular  kind  of  Actinozoa 
is  called  the  coral  polyp.  Its  body  is  only  a  mass  of  soft  jelly, 
with  nurnerous  feelers  or  tentacles  at  the  upper  part ;  but  it  has 
the  power  of  attaching  itself  to  submerged  rocks  in  the  sea, 
and  of  depositing  near  the  outer  and  lower  part  of  its  body  a 
hard  mass  of  calcium  carbonate  drawn  from  the  sea  in  which  it 
lives.    It  thus  becomes  fixed,  goes  on  increasing  in  height  and 


Coral 


53 


breadth,  multiplying  in  various  ways,  as  by  budding  and  split- 
ting, each  division  growing  into  a  perfect  polyp,  which  adds  to 
the  mass  of  hard  substance  deposited.  In  this  way  are  formed 
pieces  of  coral  of  considerable  size  and  of  varying  shapes. 
When  the  coral  polyp  dies  the  soft  parts  of  its  body  decay 


Fig.  29.— Stone  Corals. 

and  are  washed  away,  but  the  hard  skeleton  remains  behind 
and  accumulates  on  the  floor  of  the  sea  to  form  masses  of  land 
—coral  reefs  and  coral  islands  (see  par.  125). 

It  must  not  be  supposed  that  the  coral  rock  is  the  result  of 
'work '  on  the  part  of  the  coral  polyps,  in  the  sense  that  a  bird 
works  when  it  builds  its  nest.  The 
secretion  of  the  calcium  carbonate 
from  the  sea  water  is  as  much  an  un- 
conscious process  as  is  the  extraction 
from  the  food  of  the  mineral  matter 
that  forms  our  bones  ;  and  the  coral 
land  accumulates  by  the  animals 
dying  below,  while  new  animals  grow 
above.  There  are  two  classes  of  the 
coral  ^o\^^^%— detached  corals,  living  in 
nearly  all  seas  at  any  depth;  and  reef- 
building  corals,  which  can  live  only 

in  clear  water  within  a  limit  of  20    .^......u.y 

fathoms  from  the  surface  and  where  the  water  is  above  68°  F. 
Hence  coral  rocks  are  only  found  in  the  warm  waters  of  the 


--  3o--Small  piece  of  Coral, 
magnified,  showing  the  extended 
Tentacles  of  the  Coral  Polyps. 
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tropical  seas.  There  are  many  kinds  of  the  coral  polyps,  and 
the  coral  rock  is  of  various  forms.  Some  are  shaped  like  the 
branches  of  trees,  others  resemble  tufts  of  clustered  leaves,  som,e 
form  roundish  masses,  while  still  others  are  like  groups  of 
coloured  twigs.  When  the  animals  are  Uving  their  branch- 
ing feelers  are  seen  expanded  in  a  great  variety  of  colour  and 
form. 

Classification  and  Description  of  Rocks. 

Having  now  learnt  something  about  the  materials  of  which 
rocks  are  formed,  we  proceed  to  give  some  account  of  these 
great  masses  of  rocks  themselves,  and  the  mode  in  which  they 
are  arranged  in  the  earth's  crust. 


Fig.  31.— Stratified  Rocks. 


108.  Rocks  may  be  classified,  according  to  their  mode  of 
origin  or  mode  of  formation,  into  two  great  classes — stratified 
and  unstratified.  On  looking  at  a  sea  cliff,  a  railway  cutting,  or 
a  quarry,  we  shall  often  be  able  to  notice  that  beneath  the  soil 
the  rocks  are  arranged  in  more  or  less  parallel  layers,  or  strata, 
as  they  are  called.  Such  rocks  are  called  stratified  rocks  (Lat. 
stratum,  pi.  st)'ata,  what  is  spread  out). 

Thus  in  the  figure  we  see  five  layers  or  strata  of  rocks. 
Sandstone,  clay,  limestone,  shale,  &c.,  belong  to  this  class. 

109.  In  other  cases  no  traces  of  beds  or  layers  can  be  de- 
tected, and  the  rock  merely  forms  a  great  mass  of  mineral 
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matter.  Such  rocks  are  called  unstratified,  and  have  often  a 
lumpy,  massive  appearance. 

no.  As  there  is  every  reason  to  believe  that  the  stratified 
rocks  have  been  subject  to  the  action  of  water,  having  been 
either  mechanically  suspended  or  chemically  dissolved  in  it, 
these  rocks  are  also  called  aqueous  (Lat.  aqua^  water).  We 
believe  that  these  beds  or  strata  have  been  spread  out  by  the 
action  of  water  owing  to  the  signs  of  water-action  that  they 
still  retain,  and  also  because  we  can  observe  at  the  present  time 
that,  whenever  a  running  stream  has  its  velocity  checked  on 
entering  a  lake  or  the  sea,  the  pebbles,  sand,  or  mud  that  it 
brings  down  are  spread  out  in  horizontal  layers  on  the  bottom. 
But  the  stratified  rocks  do  not  always  preserve  this  horizontal 
arrangement,  for  they  have  often  undergone  displacement  and 
upheaval  after  their  original  deposition. 

III.  The  unstratified  rocks  show  many  signs  of  having  been  subject  to 
the  action  of  intense  heat,  some  of  them  having  evidently  been  in  a  molten 
state,  the  minerals  of  which  they  are  composed  showing  a  crystalline 
structure.  Hence  they  are  also  called  igneous  (Lat.  ignis,  fire).  These 
rocks  are  generally  found  in  mountainous  districts,  and  have  often  been 
pushed  up  from  below  through  the  overlying  strata.  In  one  place  they 
rise  up  as  huge  conical  hills,  in  another  they  may  be  seen  filling  up  rents 
and  fissures  like  walls  or  dykes,  while  in  another  district  they  have  spread 
out  on  the  surface  in  streams  of  lava. 

It  is  from  the  broken-down  or  disintegrated  materials  of  the 
igneous  rocks  that  the  stratified  rocks  have  been  formed  in  the 


Fig.  32.— a,  Stratified  Rocks.    B,  Unstratified  Rocks. 

first  instance.  Thus  by  the  decomposition  of  the  felspar  in 
granite,  clay  is  produced,  and  most  sand  grains  have  been  de- 
rived from  the  quartz  of  the  same  rock.  These  sand  grains 
become  consolidated  into  sandstone,  and  this  in  its  turn  may  be 
broken  up  again,  to  again  undergo  further  consolidation. 

112,  We  will  now  put  the  chief  differences  between  these 
two  great  classes  of  rocks  into  the  form  of  a  table. 
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Stratified  or  Aqueous  Rocks 

Unstratified  or  Igneous  Rocks 

1.  Possess  evident  marks  of  bed- 

ding. 

2.  Are  derived  from  previously 

existing  rocks. 

3.  Are  situated  usually  in  plains 

and  on  the  flanks  of  moun- 
tains. 

4.  Are  formed  of  minerals  which 

have  usually  a  non-crystalline 
structure. 

5.  Have  plainly  been  deposited 

one  after  another  from  above. 

6.  Contain  the  remains  or  impres- 

sions of  plants  and  animals 
that  existed  at  the  time  the 
iut-i\b  were  ucpubiicu.    1  nese 
remains  or  marks  are  called 
fossils,  and  hence  such  rocks 
are  called  fossiliferous. 

\ 

1.  Possess  no  true  marks  of  bedw 

ding. 

2.  Are  the  oldest  and  primitive 

rocks. 

3.  Are  situated  in  mountainous 

districts,  and  often  compose 
the  axis  or  nucleus  of  a  moun- 
tain chain,  sometimes  filling 
up  long  upright  fissures,  and 
forming  vertical  masses  called 
dykes. 

4.  Are  formed  of  minerals  usually 

having  a  crystalline  structure. 

5.  Have  been  enipted  or  driven 

out  from  the  interior. 

6.  Contain  no  organic  remains 

except  such  as  were  buried 
in   volcanic  ashes   or  mud 
during  an  eruption.  Hence 
called  unfossiliferous. 

113.  Metamorphic  Rocks.— Besides  the  stratified  and  un- 
stratified  rocks,  there  is  another  class  of  rocks  which,  though 
originally  stratified,  have  undergone  great  alterations  in  struc- 
ture and  composition,  whilst  traces  of  fossil  remains  have  been 
destroyed.  These  are  called  metamorphic  or  transformed 
rocks  (Gr.  meta.,  change  ;  morp/ie,  form). 

To  this  class  belong  clay-slate,  quartzite,  statuary  marble, 
mica-schist,  and  gneiss,  which  will  presently  be  described. 

The  chief  agents  concerned  in  these  changes  are  heat, 
water,  and  pressure.  Metamorphic  rocks  are  chiefly  found 
next  to  intrusive  igneous  rocks  ;  and  it  is  probably  owing  to 
the  heated  state  of  these  that  many  of  the  stratified  rocks  that 
adjoin  them  have  been  metamorphosed  or  transformed. 

114.  Crystalline  and  Non-crystalline  Rocks.— The  above  twofold 
division  of  rocks,  based  on  the  mode  of  their  formation  into  {a)  unstratified 
or  igneous,  and  {b)  stratified  or  aqueous,  corresponds  closely  to  another 
twofold  division,  which  is  based  on  the  texture  of  the  rocks,  that  is,  on  the 
arrangement  of  the  particles  forming  any  given  rock.  As  a  rule  we  find 
that  the  igneous  rocks  have  a  crystalline  texture,  while  the  stratified  rocks 
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are  noii-crystaJline.  Rut  to  this  general  statement  tliere  are  some  excep- 
tions. In  speaking  of  crystallisation  we  saw  that  substances  assume  those 
definite  geometrical  shapes  called  crystals  when  they  have  either  been  in 
solution  in  a  liquid  or  in  a  molten  condition  through  heat.  When  in  either 
of  these  states  we  know  that  the  particles  of  many  substances  have  the 
power  of  taking  up  definite  positions  round  a  centre  as  the  liquid  evaporates 
or  as  the  fused  mass  cools,  and  the  crystals  are  formed  by  the  successive 
addition  of  particles  to  the  exterior,  large  crystals  being  built  up  by  the 
regular  addition  of  a  number  of  small  ciystals.  As  the  igneous  rocks  are 
believed  to  have  been  at  one  time  in  a  state  of  fusion,  we  find  that  they 
usually  consist  of  a  network  of  interlaced  crystals  and  crystalline  particles, 
the  crystals  being  often  large  enough  to  be  visible  to  the  naked  eye,  as  in 
granite.  In  other  cases  we  need  to  make  a  very  thin  section  of  the  rock 
and  examine  it  under  a  microscope  to  see  the  crystalline  texture  ;  while  in 
the  case  of  a  few  igneous  rocks,  such  as  some  lavas,  where  cooling  has 
taken  place  rapidly,  the  rock  only  shows  a  glassy  or  vitreous  structure,  as 
in  obsidian  (volcanic  glass).  But  as  these  glassy  or  vitreous  rocks  often 
show  under  the  microscope  incipient  forms  or  beginnings  of  crystals,  called 
microliths,  or  crystallites,  in  the  glassy  base,  it  is  usual  to  include  such 
rocks  in  the  crystalline  class.  On  the  other  hand,  the  ashes  and  other 
fragmentary  materials  sent  out  from  volcanoes  may  be  called  non-crystalline 
or  fragmental  igneous  rocks. 

The  aqueous  or  stratified  rocks,  being  in  all  cases  formed  of  materials 
derived  from  pre-existing  rocks,  are  usually  composed  of  particles  having 
no  definite  arrangement  and  showing  no  crystalline  structure.  These  frag- 
ments out  of  which  the  stratified  rocks  have  been  formed  are  of  various 
sizes,  from  blocks  of  several  feet  to  exceedingly  fine  powder,  and  have 
been  generally  massed  together  irregularly  by  mechanical  compression  or 
the^  infiltration  of  some  cementing  substance.  The  names  given  to  these 
various  fragmental  or  non-crystalline  rocks,  and  the  mode  in  which  the 
particles  have  been  bound  together  into  masses,  will  be  explained  presently. 
But  where  the  material  from  which  an  aqueous  rock  has  been  formed  has 
been  in  solution  in  water,  the  deposit  from  this  aqueous  solution  possesses 
a  crystalline  texture,  as  in  some  limestones  formed  from  precipitated 
calcium  carbonate.  Beds  of  gypsum  (calcium  sulphate)  and  rock-salt  are 
other  examples  of  crystalline  aqueous  rocks. 

The  metamorphic  rocks,  being  stratified  rocks  that  have  been  changed 
by  the  action  of  heat  and  heated  water,  also  show  a  crystalline  texture. 
One  peculiarity  of  this  class  of  rocks,  viz.  the  arrangement  of  the  crystalline 
minerals  forming  them  into  layers  so  as  to  give  them  a  foliated  appearance, 
will  shortly  be  noticed  (see  Gneiss,  par.  149). 

Putting  the  above  in  a  tabular  form,  we  may  set  it  forth  as  below  :— 
f  Igneous— Granite,  Basalt,  &c. 
Crystalline  .    .  <  Aqueous— Some  Limestones,  Gypsum,  Rock-salt. 

^  Metamorphic— Gneiss,  Statuary  Marble. 
Non-crystalline   f  Igneous-Volcanic  Ash. 
or  Fragmental   I  Aqueous— Sandstone,  Clay,  Conglomerate,  Shale,  Coal, 
^  &c, 

115.  Further  Classification  of  Eocks.— A  further  sub- 
division and  description  of  rocks  will  now  be  made.  The 
stratified  or  aqueous  rocks  can  be  put  into  the  following  classes. 
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(a)  Sedimentary  or  mechanically  formed  rocks. 
_  {b)  Organically  formed  rocks,  or  rocks  formed  out  of  ihe  remains  of 
animals  and  plants. 

(^)  Chemically  formed  rocks,  which  have  been  produced  from  material 
neid  in  solution  by  water  and  afterwards  precipitated. 

116.  {a)  Sedimentary  Rocks.— Streams,  tides,  and  waves  are  continu- 
ally wearing  away  portions  of  the  earth's  crust,  and  carrying  it  down  to  be 
deposited  at  a  lower  level  when  the  water  comes  to  rest.  This  mechanicallv 
suspended  matter  consists  of  what  is  called  sediment,  and  the  heavier 
particles  are  the  first  to  fall  down.  Part  of  this  sediment  may  consist  of 
small  rounded  pebbles  called  gravel,  part  of  sand,  and  part  of  very  fine 
particles  called  clay  or  mud.  Sedimentary  rocks  are  those  which  have 
been  formed  out  of  sediments  on  the  floors  of  lakes,  in  river-beds,  or  on 
the  sea  bottom,  and  have  afterwards  been  raised  above  the  surface  In 
process  of  time  the  materials  are  made  to  cohere  by  pressure  and  the  in- 
filtration of  cementing  substances. 

These  different  kinds  of  sediment  give  rise  to  different  sorts  of  sedi- 
mentary rock?,— conglomerate,  sandstone,  and  clay. 

Conglomerate,  or  puddingstone,  as  it  is  called  sometimes,  consists  of 
rounded  water-worn  pebbles,  or  masses  of  various  rocks  cemented  together 
hy  some  kind  of  mineral  paste.  This  cementing  material  may  be  formed 
of  carbonate  of  lime,  silica,  or  oxide  of  iron.  It  is  brought  in  solution  by 
water,  and  as  the  water  evaporates  is  deposited  among  the  pebbles  as  a 
cement.  ^ 

Loose  rounded  and  water-worn  pebbles  about  the  size  of  a  nut  are 
called  gravel,  or  s/mtgle,  and  may  consist  of  fragments  from  various  rocks. 

_  The  pebbles  forming  a  natural  conglomerate  may  be  derived  from  any 
kind  of  rock.  If  the  pebbles  are  composed  of  quartz,  or  flint,  we  may 
call  It  a  silicious  conglomerate  ;  if  of  limestone,  a  calcareous  conglomerate. 
When  the  rock  fragments  that  are  cemented  together  have  sharp  angular 
corners,  showing  that  they  have  not  been  subject  to  much  water-action,  the 
rock  is  called  a  breccia. 

117.  Sandstone. — This  rock  has  already  been  described.  The  rounded 
water-worn  grains  of  sand,  which  have  been  derived  from  the  breaking  up 
of  rocks  containing  quartz,  sometimes  lie  separate,  and  form  large  beds  of 
loose  sand.  This  loose  sand  consists  mostly  of  silicious  grains,  sometimes 
with  small  particles  of  mica  and  fragments  of  shells. 

_  On  some  sandy  coasts,  as  the  tides  run  down,  the  sand  is  left  Axy,  and 
being  caught  up  by  the  wind  is  blown  inland,  so  that  in  the  course  of  years 
a  ridge  of  hills,  called  saitd-dtmes,  is  formed.  When  the  loose  sand  is, 
however,  left  undisturbed  at  the  bottom  of  the  sea  or  of  a  lake,  in  process 
of  time  it  becomes  consolidated  by  pressure  and  by  cementing  material. 
This  cementing  material  varies  as  in  the  case  of  conglomerate,  and  hence 
we  ha-ve  calcareous  sandstones  and  ferruginous  (Lat.  ferrum,  iron), 
according  as  the  cementing  material  is  calcium  carbonate  or  oxide  of  iron. 
The  oxide  of  iron  usually  colours  the  sandstone  yellow  or  red.  Sandstone 
is  much  used  for  building  purposes,  often  forming  window-sills,  lintels,  and 
doorposts.  Some  kinds  show  a  tendency  to  split  into  slabs  parallel  to  the 
stratification,  and  are  then  much  used  for  flagstones.  When  the  silicious 
particles  are  rather  large  and  angular  the  sandstone  is  called  a  gritstone. 
Such  gritstones  are  often  used  for  grindstones  and  millstones. 

Sandstones  are  spoken  of  as  arenaceous  rocks  (Lat.  arena,  sand). 

1 1 8.  Clay.  —  Clay  consists  of  very  fine  particles  which  adhere  together. 
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and  form  a  substance  which  can  be  easily  moulded  into  various  shapes. 
Hence  it  is  said  to  be  plastic.  It  is  the  last  result  of  the  waste  of  rocks  by 
water  and  other  natural  agents.  It  is  chiefly  composed  of  silicate  of 
alumina  with  water  (Al„03,2SiO.^,2H20),  It  is  derived  mainly  from  the 
decomposition  of  felspar  and  other  aluminous  silicates  by  the  action  of  the 
weather,  the  potash  and  the  soda  being  washed  away,  especially  by  water 
containing  carbonic  acid  in  solution.  It  is  generally  found  in  valleys  and 
lowlands,  and  has  the  important  property  of  being  impervious  to  water. 
Hence  where  there  is  a  series  of  beds  of  porous  rocks,  such  as  sand,  gravel, 
or  chalk,  resting  on  clay,  the  water  sinks  through  these  until  it  reaches  the 
clay.  It  then  accumulates  until  it  can  find  an  outlet.  Clay  is  often  mixed 
with  various  impurities,  which  impart  to  it  a  brown,  red,  or  blue  colour. 
Kaolin,  or  china  clay,  is  the  name  given  to  a  pure  kind  much  used  for  the 
manufacture  of  porcelain.    Common  clay  is  much  used  for  making  bricks. 

Rocks  containing  much  clay  are  called  argillaceotis  (Lat.  argilla,  clay). 

When  mixed  with  water,  clay  forms  mtcd,  though  the  word  mud  is 
applied  to  any  finely  divided  mineral  matter. 

119.  Shale  is  clay  or  mud  that  has  become  hardened,  and  which  splits 
into  thin  plates  or  laminjE,  parallel  to  the  stratification.  Such  rocks  are 
said  to  be  laminated,  and  thus  show  that  they  have  been  gradually 
deposited  under  water. 

Shales  are  often  dark-coloured  through  vegetable  matter,  and  frequently 
have  the  impression  of  ferns,  &c. ,  distinctly  marked.  All  clayey  rocks  give 
out  an  earthy  smell  when  breathed  upon. 

1 20.  Loam  is  the  name  given  to  a  mixture  of  clay  and  marl,  which 
coheres  less  than  clay,  and  which  is  pervious  to  water. 

121.  Marl  is  a  soft  and  friable  (easily  powdered)  mixture  of  clay  and 
calcareous  matter,  often  used  by  farmers  for  improving  soils  poor  in  lime. 

122.  U>)  Organic  Eocis.— Ihe  second  division  of  the  stratified  or 
aqueous  rocks  includes  those  rocks  that  are  mainly  formed  by  the  agency 
of  animal  or  vegetable  life.  The  material  forming  these  masses  has  already 
been  described  under  the  head  Organic  Rock  Material. 

This  material  embraced  chalk,  limestone,  coral,  peat,  and  coal.  We 
shall  now  speak  of  the  arrangement  of  some  of  this  material  as  it  occurs  in 
masses  sufficiently  large  to  be  called  rocks. 

Enough  has  been  said  about  the  way  in  which  chalk  beds  have  been 
formed  at  the  bottom  of  the  sea  by  the  accumulation  of  the  calcareous 
shells  of  the  minute  Foraminifera  and  other  lowly  organisms,  and  also  of 
the  beds  of  calcareous  mud  that  are  now  being  formed  on  the  ocean  floor, 
as  is  shown  by  deep-sea  dredgings.  Chalk  forms  an  important  division  of 
the  series  of  rocks,  and  in  some  parts  of  England  is  more  than  1,000  feet 
thick.  These  beds  of  chalk  are  chiefly  found  in  the  south  and  west  of  our 
country.  Nodules  of  flint  occur  frequently  in  the  chalk,  and  this  is 
accounted  for  by  the  belief  that  this  flint  has  been  derived  from  the  hard 
parts  of  silicious  organisms,  as  sponges,  &c.,  and  by  the  concretion  or 
growth  of  other  silica  round  these  as  a  nucleus.  Sea  water  has  always  a 
certain  amount  of  silica  in  solution.  Hence  flint  may  be  included  under 
the  list  of  organically  derived  rocks.  . 

123.  Limestone. — The  composition  and  structure  of  this 
rock  has  aheady  been  described  when  speaking  of  the  minerals 
that  form  rocks,  and  it  has  been  shown  that  it  belongs  to  the 
class  of  organically  formed  rocks  because  it  consists  of  the 
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fossil  remains  of  creatures  having  calcareous  shells,  and  that 
these  remains  have  accumulated  under  water  to  form  beds  or 
strata  (see  par.  105). 

The  structure  of  limestone  varies  greatly,  some  limestone 
consisting  of  the  minute  shells  of  Foraminifera,  and  some  con- 
sisting of  the  stems  of  encrinites  and  other  similar  organisms. 
In  some  cases  the  limestone  has  been  so  largely  altered  that  no 
traces  of  organic  origin  can  be  detected.  Such  limestone  has 
often  a  bluish  colour. 

124.  Marble  is  simply  limestone  that  has  become  so  hard 
that  it  will  polish. 

Beds  of  limestone  occur  in  many  of  the  geological  formations, 
and  are  often  of  great  thickness. 

125.  Coral  Reefs.— The  secretion  of  coral  from  the  sea 
water  by  the  coral  polyp  has  been  described  in  a  previous  para- 
graph (107).  It  remains  for  us  to  describe  the  masses  ot 
rock  forming  coral  land,  and  the  mode  in  which  these  masses 
have  been  built  up. 

Coral  rocks  are  found  as  ridges  or  banks  in  the  sea,  and 
are  therefore  called  coral  reefs.  Coral  reefs  are  divided  into 
three  classes  : — 

(1)  Fringmg  reefs,  which  form  a  ridge  of  rock  at  a  short 
distance  from  some  mainland  or  island. 

(2)  Barrier  reefs,  which  are  banks  running  nearly  parallel  to 
the  coast  at  a  greater  distance  than  fringing  reefs,  so  as  to  leave 
a  broad  channel. 

(3)  Atolls,  which  are  ring-shaped  belts  of  coral  reef,  en- 
closing a  lagoon  of  shallow  water,  and  forming  an  island. 

_  It  has  already  been  stated  that  the  reef-building  corals  require  for  their 
existence  clear  water  not  below  68°  F.  of  temperature,  so  that  where  the 
water  is  muddy,  as  near  the  mouths  of  large  rivers,  or  where  cold  currents 
or  other  causes  bring  the  water  below  the  above  temperature,  there  the 
reef- building  polyps  cannot  exist.  Nor  can  they  exist  but  in  shallow  water, 
for  they  seem  to  die  at  a  greater  depth  than  100  feet.  They  flourish  best 
where  the  water  is  in  constant  motion  and  where  it  is  clear,  as  at  the  outer 
edge  of  the  reef.  Hence  the  range  of  coral  reefs  and  islands  is  limited  by 
these  conditions  to  a  district  about  25°  on  each  side  of  the  equator.  The 
Bermuda  Islands,  which  lie  in  the  course  of  the  Gulf  Stream,  form  the 
northernmost  point  at  which  reef-building  corals  are  found,  but  the 
Atlantic  Ocean  has  not  many  of  these  rocks.  Some  are  found  among  the 
West  Indies  and  Cape  Verde  Islands,  and  off  the  coast  of  Florida.    In  the 
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Pacific  there  is  a  bell  of  coral  rocks,  both  islands  and  reefs,  stretching  from 
the  Low  Archipelago  to  the  Caroline  Islands.  There  is  also  in  the  Indian 
Ocean  a  band  of  coral  islands  between  Madagascar  and  India,  including 
the  Maldive  Islands  and  the  Laccadive  Islands.  Numerous  reefs  also 
occur  in  the  Red  Sea  (see  map  2).  The  largest  barrier  reefs  are  those  off 
the  island  of  New  Caledonia  and  off  the  north-east  coast  of  Australia. 
The  Australian  barrier  reef  is  nearly  1,200  miles  long,  and  usually  about 
120  miles  from  the  shore.  At  its  outer  edge  it  rises  out  of  the  sea  from  a 
depth  of  1,800  feet. 

126.  How  Reefs  and  Islands  are  formed.— .y^iz  Depths  near  Coral 
Reefs. — The  outer  edge  of  a  coral  reef  dips  gradually  for  a  short  distance, 
and  then  the  sea  rapidly  becomes  very  deep. 

As  the  coral  polyps  cannot  exist  above  the  surface  of  the  water,  and  as 
they  cannot  live  at  a  greater  depth  than  about  100  feet,  it  is  plain  that  the 
coral  reef  cannot  be  carried  below  a  depth  of  100  feet  nor  raised  above  the 
level  of  low  water  by  the  animals  alone. 

The  explanation  of  the  appearance  of  the  reef  above  the  water  is  as 
follows.  _  As  the  mass  of  rock  reaches  the  surface  of  the  sea  the  waves 
dash  against  its  outer  margin,  break  off  pieces  of  the  coral,  and  pile  up 
these  broken  masses,  so  that  the  edge  of  the  reef  appears  above  the  water. 
Dana  says  that  '  after  the  growing  corals  and  the  accumulating  debris  reach 
low-tide  level  the  polyps  mostly  die  ;  but  the  waves  continue  to  pile  up  on 
the  reef,  sand,  pebbles,  and  broken  masses  of  coral,  some  of  the  masses 
being  two  or  three  hundred  cubic  feet  in  size,  and  a  field  of  rough  rocks 
begins  to  appear  above  the  waves.  Next  a  beach  is  formed  ;  and  the  bank 
of  coral  debris,  now  mostly  above  the  salt  water,  becomes  planted  by  the 
waves  with  sea-borne  seeds.  Trailing  shrubs  spring  up  ;  and  afterwards, 
as  the  soil  deepens,  palms  and  other  trees  rise  into  forests,  and  the  coral 
island  or  atoll  comes  forth  finished. ' 

127.  Darwin's  Hypothesis.— Ho  account  for  the  way  in  which  coral 
reefs  so  often  rise  from  great  depths  Mr.  Darwin  offered  the  following 
explanation.  According  to  him  each  atoll  began  as  a  fringing  reef,  then 
became  a  barrier  reef,  and  at  last  appeared  as  a  ring-shaped  island  with  a 
central  lagoon.  For  since  the  reef-builders  cannot  live  below  100  feet, 
the  foundation  of  the  reef  could  not  have  been  laid  at  a  greater  depth. 
Such  shallow  waters  are  only  found  near  the  shores,  and  hence  the  coral 
rock  was  first  formed  as  a  fringing  reef.  If  a  fringing  reef  be  thus  formed 
round  an  island,  and  then  the  island  gradually  sink  deeper  into  the  sea, 
while  the  corals  continue  to  grow  upwards,  the  fringing  reef  will  be 
changed  into  a  barrier  reef.  The  island  will  have  become  smaller,  and 
the  water  between  it  and  the  reef  wider.  Another  gradual  subsidence  of 
the  island,  while  the  reef-builders  keep  pace  with  the  sinking,  will  at  last 
cause  the  central  peak  of  the  island  to  disappear,  and  the  reef  will  rise  in 
the  shape  of  a  more  or  less  broken  ring,  with  water  in  the  centre.  It  has 
become  a  ring-shaped  reef  or  atoll.  Hence  barrier  reefs  and  atolls  are, 
according  to  Mr.  Darwin,  due  to  subsidence  of  land,  though  a  fringing 
reef  may  be  built  on  a  stationary  or  even  slowly  rising  sea-floor.  • 

The  following  diagram  illustrates  Mr.  Darwin's  theory.  S  is  the  original 
land,_  at  the  edge  of  which  the  coral  polyps  begin  to  build  so  as  to  form  the 
fringing  reef  C  C.  As  the  land  sinks  further  the  coral  polyps  keep  pace 
with  it,  and  in  time  the  barrier  reef  C  C  is  seen.  Further  subsidence 
causes  the  centre  of  the  original  land  to  sink  beneath  the  surface,  and  the 
nng  of  coral  rising  above  the  surface  forms  an  atoll  with  a  central  lagoon. 
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As  the  corals  thrive  best  in  the  full  play  of  the  surf,  owing  to  the  fresh- 
ness of  the  water  there  and  the  better  supply  of  food,  it  is  found  that  in 
the  inner  margin  of  the  reef  the  animals  die  off.  Hence  it  happens  that  in 
the  central  lagoon  not  only  is  there  no  increase  of  rock,  but  the  solvent 


Fig.  33.— Diagram  showing  Mode  of  Growth  of  Coral  Reefs  and  Atoll, 
according  to  Darwin. 

action  of  the  sea  water  causes  part  of  the  rock  to  disappear,  and  the  lagoon 
may  thus  become  deeper  and  wider. 

_  128.  Mr.  Murray,  one  of  the  naturalists  accompanying  the  Challenger 
m  its  _  celebrated  voyage  of  exploration,  explains  the  formation  of  coral 
reefs  in  a  different  way  ;  and  his  explanation  is  supported  by  others.  He 


tiG.  34.— An  Atoll,  showing  Central  Lagoon. 

found  that  many  of  the  little  islands  surrounded  by  coral  reefs  show  traces 
of  volcanic  origin,  and  not  traces  of  subsidence.  Mr.  Murray  therefore 
believes  that  the  rocks  have  been  built  up  from  the  tops  and  slopes  of  sub- 
merged and  partly  submerged  volcanic  mountains.  Imagine  a  submarine 
volcanic  peak  with  the  edges  of  its  crater  little  more  than  a  hundred  feet 
below  the  surface.    Even  if  the  reef-building  corals  could  not  begin  to 
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Ouild  at  such  a  depth,  it  would  in  time  be  raised  higher  by  the  accumula- 
tion of  the  solid  parts  of  various  shell-fish,  and  thus  brought  within  the 
limits  of  the  coral  polyps.  It  is  evident  that  reefs  growing  upwards  from 
such  a  submarine  peak  would  assume  the  form  of  an  atoll.  Where  a  volcanic 
cone  still  projected  above  the  sea,  Mr.  Murray  believes  that  a  reef  might  arise 
and  grow  outwards  without  any  subsidence  of  the  land  on  which  it  rests. 
Or  a  reef  might  begin  to  rise  on  a  shoal  formed  by  ocean  currents.  As  the 
reef  grows  chiefly  on  its  outward  edge  where  the  corals  flourish  best,  and 
as  the  animals  die  and  the  rock  is  dissolved  by  the  warm  waters  in  the 
inner  lagoon,  every  fringing  reef  thus  tends  in  course  of  time  to  become  a 
barrier  reef.  The  sea  water  of  the  lagoon  is  charged  with  carbonic  acid 
derived  from  the  decaying  polyps,  and  this  increases  its  power  of  dissolving 
the  calcareous  rock.  The  barrier  reef  grows  seaward  by  building  on  the 
new  foundations  formed  by  its  own  broken  and  submerged  fragments,  and 
the  lagoon  interval  between  the  front  of  the  reef  and  the  shore  becomes 
widened  through  the  solvent  action  of  the  water  on  the  rocks  where  the 
corals  have  ceased  to  live.  Hence,  according  to  this  theory,  the  width  of 
the  lagoon  ought  to  be,  in  some  degree,  a  measure  of  the  antiquity  of  the 
reef. 

Probably  the  explanation  given  by  Mr.  Darwin  accounts  for  the  formation 


Fig.  35.— Rocky  Island  bordered  by  Coral  Reefs  (after  Dana).       fringing  reef  ; 
b,  barrier  reef ;  h  h,  openings  in  the  reef. 

of  some  of  the  atolls  and  reefs,  while  that  of  Mr.  Murray  explains  that  of 
others.    The  question,  however,  is  still  in  dispute. 

129.  Peat  is  found  in  the  bogs  and  marshes  of  the  British 
islands  ;  and  these  damp  places  are  abundant  in  the  west  of 
Ireland,  in  the  fen  district  of  England,  and  in  certain  places  in 
Scotland.  It  consists  of  a  brownish- black  compressed  mass  of 
partially  decomposed  vegetable  matter.  In  this  change  the 
woody  fibre  of  the  marsh-loving  plants  has  lost  a  part  of  its 
gases  ;  but,  unlike  coal,  it  still  contains  25  to  30  per  cent,  of 
oxygen,  and  has  only  about  50  per  cent,  of  carbon  (see  Table, 
par.  104), 

At  the  surface  there  grows  a  green  living  moss  called  '  bog  moss,'  with 
other  marsh-loving  plants.  A  few  inches  below  are  found  the  brown  rotting 
fibres  of  the  dead  plants,  and  still  further  the  mass  becomes  denser  and 
darker.    At  a  depth  of  about  25  feet  we  often  find  a  compact  black 
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substance  which  can  be  cut  into  blocks.  These  are  piled  into  small  slacks 
to  dry,  and  are  afterwards  used  by  the  peasantry  for  fuel.  At  the  bottom 
of  a  peat  moss  there  is  often  found  a  bed  of  clay  or  marl,  containing 
fresh- water  shells,  and  these  show  that  the  peat  moss  has  been  formed  on 
the  site  of  an  old  lake  which  has  afterwards  been  turned  into  a  swamp  pr 
marsh.  In  other  cases  a  forest  has  been  converted  into  a  swamp,  and  then 
the  hog  mosses  and  other  plants  began  to  grow  in  abundance,  and  in 
lime  they  increased  and  spread  themselves  so  much  that  all  ihe  fallen  tree- 
were  buried  in  the  decaying  moss. 

130.  Coal.— The  table  already  given  in  par.  104  shows  that  coal  differ;: 
from  peat  in  containing  a  greater  proportion  of  carbon  and  a  less  proportion 
of  oxygen  and  nitrogen.  Though  both  are  of  vegetable  origin,  coal  also 
differs  from  peat  in  the  mode  of  its  occurrence,  and  in  the  kind  of  plants 
out  of  which  it  has  been  formed.  Coal  is  found  buried  in  the  crust  of  the 
earth  in  beds  ox  seams,  varying  in  thickness  from  a  few  inches  to  several 
yards.  As  it  is  arranged  in  layers,  and  as  by  examining  a  large  piece  we  can 

'  '  —   find  one  particu/ar 

direction  in  which 
it  will  split  most 
easily,  it  is  plain 
that  coal  is  a  strati- 
fied rock.  Every 
bed  of  coal  is  found 
to  rest  upon  a  bed 
of  clay,  usually 
hardened  into  shale, 
and  this  '  under- 
clay,'  as  it  is  called, 
is  penetrated  by 
numerous  roots 
shooting  down  into 
it.  Above  the  coal 
seam  we  find  another 
^^-^^  bed  of  clay  or  sand, 
d,  under-  which  is  called  the 
'  roof  of  the  coal, 
and  in  which  are  found  numerous  stems  and  branches  of  plants.  Further 
in  the  coal  itself  the  impressions  of  ferns  and  other  plants  are  sometimes 
visible  ;  and  if  a  very  thin  section  be  examined  under  the  microscope, 
thousands  of  spore-cases  or  seed-vessels  may  often  be  seen.  Putting  all 
these  facts  together,  it  becomes  quite  certain  that  coal  is  formed  out  of  the 
remains  of  old  vegetation  ;  that  the  plants  from  which  it  has  been  formed 
actually  grew  on  the  spot  where  the  coal  is  now  found  ;  that  the  '  under- 
clay '  is  the  old  soil  in  which  these  plants  grew  ;  and  that  the  '  roof  repre- 
sents the  accumulation  of  sediment  deposited  on  the  vegetable  remains  after 
the  old  land  surface  had  sunk  beneath  water. 

It  has  been  found  that  the  vegetation  out  of  which  coal  has  been  formed 
indicates  a  warm  moist  climate  and  a  low  marshy  district.  Numerous 
ferns,  some  of  very  large  size,  were  found  ;  and  huge  reed-like  plants  ha^^ng 
a  jointed  fluted  stem,  and  known  as  calamites,  were  abundant.  An  enor- 
mous number  of  plants  related  to  our  club-mosses,  but  reaching  the  size  of 
ordinary  trees,  flourished  (see  Frontispiece).  Of  these,  the  lepidodendron  and 
the  sigillaria  are  noteworthy.  The  stems  of  the  lepidodendron  were  marked 


Fig.  36. 


-Section  showing  Coal  Seam,  a,  coal  seam  ; 
clay  ;  b,  c,  shale  and  sandstone  forming  roof. 
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with  lozenge-shaped  scars  ;  the  sigillaria  had  cylindrical  fluted  stems  of 
great  height,  marked  longitudinally  with  leaf-scars,  and  having  long  spirally 
pitted  roots  called  stigmaria.  Sigillaria  was  the  upright  stem  of  the  plant, 
and  stigmaria  the  root  of  it.  All  these  belonged  to  the  class  of  flowerless 
plants  ;  but  in  addition  to  these  a  number  of  true  trees  related  to  the  pine 
and  yew  have  been  noticed. 

Coal,  then,  may  be  regarded  as  composed  of  the  remains 
of  the  stems,  branches,  leaves,  and  seeds  of  ferns,  calamites 
lepidodendra,  sigillaria,  and  pines. 
Numerous  generations  of  these  plants 
lived  and  died,  so  as  to  heap  up  a 
great  thickness  of  vegetable  remains, 
and  in  time  the  surface  of  the  land 
where  this  accumulation  was  taking 
place  sank  beneath  the  sea.  Most 
of  the  trees  were  overthrown,  but 
others  remained  standing  until  the 
whole  was  buried  beneath  the  sand  and 
clay  deposited  around.  This  accounts 
for  the  'roof  of  the  coal  seam  so 
often  containing  the  upright  stems  of 
trees.  The  vegetable  matter  thus  en- 
tombed remained  for  thousands  of  years,  undergoing  changes 
due  to  the  great  pressure  upon  it  and  the  chemical  actions 
going  on  within  it.  After  a  long  period  this  old  land  was  raised 
again  a  little  above  the  level  of  the  sea  by  deposits  of  mud, 
&c.,  and  another  rank  and  luxuriant  vegetation  began  to  grow. 
The  land  sank  once  more,  sand  and  mud  again  covered  the 
vegetation,  and  a  second  coal-bed  was  formed  above  the  first. 
By  repeated  depressions  it  is  easy  to  see  that  several  coal  seams 
might  be  formed  in  succession  over  the  same  area. 

131.  {c)  Chemically  formed  Rocks.— This  class  includes 
those  rocks  that  have  been  formed  by  the  chemical  process 
called  precipitation.  The  material  of  which  they  are  composed 
has  been  at  one  time  in  solution  in  water,  and  as  the  water 
evaporated  the  matter  was  deposited.  In  this  way  consider- 
able masses  have  been  formed  in  some  districts,  though  when 
compared  as  to  bulk  with  the  other  rocks  of  the  earth's  crust 
these  rocks  are  insignificant. 


Fig.  37.— SigiUaria  Stem  with 
Stigmaria  Roots. 
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The  water  of  rivers  that  have  flowed  over  limestone  rocks  carries  clown 
to  lakes  or  seas  a  quantity  of  calcium  carbonate  in  solution,  and  in  speaking 
of  chalk  and  coral  we  saw  how  by  the  agency  of  animals  this  has  been  ex- 
tracted to  form  again  other  beds  of  limestone,  known  as  chalk  beds  and 
coral  reefs.  But  the  waters  of  springs  contain  other  substances,  such  as 
sodium  chloride  and  calcium  sulphate,  and  these  substances  are  also  found 
as  rocks.  In  this  case  the  rock  could  not  have  been  formed  by  the  agency 
of  animals,  because  no  animals  extract  these  substances  from  water. 

132.  Petrifying  Springs,  Limestone  Caverns,  Stalactites,  Stalagmites, 
and  Travertine. — It  must  be  remembered  that  pure  water  does  not  dissolve 
calcium  carbonate  (carbonate  of  lime),  but  only  water  containing  carbon 
dioxide  in  solution.  Rain-water  always  contains  a  certain  amount  of 
carbon  dioxide  dissolved  out  of  the  air,  and  this  quantity  is  sometimes 
greatly  increased  as  the  water  passes  through  decomposing  organic  material 
in  the  rocks.  Besides,  during  its  underground  course  the  water  is  often 
under  great  pressure,  and  it  can  then  hold  more  carbon  dioxide  and  dis- 
solves more  carbonate  of  lime  than  at  the  surface.  As  the  air  is  reached 
some  of  the  carbon  dioxide  escapes,  and  part  of  the  carbonate  of  lime  is 
precipitated.  Such  springs,  on  reaching  the  surface,  deposit  a  film  of 
carbonate  of  lime  on  everything  around,  and  if  birds'  nests  or  bits  of  wool 
be  left  in  the  spray  from  such  a  spring  they  soon  acquire  a  coating  of  this 
substance.  Popularly,  springs  like  this  are  CdW^d,  petrifying  springs  (Lat. 
fetra,  a  rock  or  stone).  But  it  is  a  mistake  to  suppose  that  the  substance 
has  been  turned  into  stone  ;  it  has  only  received  an  outer  covering  or 
incrustation  of  carbonate  of  lime.  But  before  such  springs  come  to  the 
surface  much  work  has  been  done  by  the  water.  Great  cavities  are  fre- 
quently formed  in  limestone  rocks  by  the  solvent  power  of  the  water  thus 
charged  with  carbon  dioxide.  Such  caverns  are  frequent  in  the  limestone 
districts  of  Derbyshire  and  other  parts.  Not  only  are  caverns  thus  formed 
by  masses  of  rock  being  dissolved  away,  but  curious  effects  are  sometimes 
wrought  within  these  caverns.  As  the  water  hangs  on  the  roof,  some  of  it 
evaporates,  and  thus  deposits  a  portion  of  the  limestone  held  in  solution. 
In  process  of  time  there  is  formed  in  this  way  a  pendant  mass  of  calcium 
carlDonate  like  an  icicle.  This  is  called  a  Staladiie.  Some  of  the  water 
dropping  on  the  floor  gives  up,  on  further  evaporation,  more  of  the  limestone 
in  solution,  and  thus  a  projection  rises  on  the  floor  of  the  cavern  like  the 
one  on  the  roof.  This  is  called  a  Stalagmite,  At  times  the  stalactite  from 
the  roof  and  the  stalagmite  from  the  floor  meet  and  form  a  continuous 
column,  as  is  shown  in  fig.  38.  Travertiiie,  or  calcareous  tufa,  is  a  porous 
friable  limestone  deposited  at  the  surface,  often  on  a  hill-side,  by  the  waters 
of  a  calcareous  spring. 

133.  Salt  Lakes. — Beds  of  rock-salt  (sodium  chloride,  NaCl)  several 
hundred  feet  in  thickness  are  found  in  Cheshire,  Bohemia,  and  other  places, 
and  these  beds  must  have  been  formed  by  the  evaporation  of  bodies  of 
water.  The  Dead  Sea  and  the  Great  Salt  Lake  of  Utah  are  examples  of 
great  enclosed  salt  lakes,  which  were  originally  fresh,  as  is  shown  by  the 
freshwater  organisms  found  on  their  shores.  The  water  of  these  lakes  is 
carried  off  by  evaporation  as  fast  as,  or  faster  than,  it  is  brought  in,  and 
hence  the  amount  of  dissolved  matter  increases.  The  valley  of  the  Dead 
Sea  is  the  lowest  on  the  earth,  the  surface  of  the  water  being  1,298  feet 
below  the  level  of  the  Mediterranean.  Its  waters  now  contain  24  per  cent, 
of  salts  by  weight,  or  nearly  seven  times  the  proportion  in  ordinary  sea- 
water.    The  Caspian  and  Aral  seas  were  originally  salt,  being;  situated  in 
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a  depression  which  is  believed  to  have  once  couimunicated  with  the  Arctic 
Ocean,  subsequent  elevation  of  the  land  having  cut  off  the  connection. 
Deposits  of  rock-salt  are  now  forming  on  the  beds  of  these  lakes. 


Fig.  38.— Entrance  to  the  Cave  of  Adelsberg  (in  Carniola,  22  miles  N.  of  Trieste). 
Stalactites  are  seen  hanging  from  the  roof,  stalagmites  rising  from  the  floor. 

134-  Gypsum,  or  calcium  sulphate,  is  another  substance  frequently 
found  in  beds  that  have  been  deposited  after  the  water  that  has  held  it  in 
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solution  has  evaporated.  It  is  sometimes  associated  with  a  similar  deposit 
of  dolomite,  or  magnesian  limestone. 

135.  Sinter  is  a  light  porous  variety  of  silica  deposited  in  the  neighbour- 
hood of  geysers  and  hot  springs.  Silica  is  quite  insoluble  in  ordinary  water, 
but  hot  water  charged  with  soda  can  dissolve  it,  and  minute  alga;  secnete 
portions  of  this  dissolved  silica,  thus  aiding  to  form  the  deposit  on  their 
death.    See  Geyser,  par.  245. 

1 36.  Classification  of  Igneous  Rocks.— The  general  charac- 
ters of  these  rocks  have  already  been  described  in  a  previous 
paragraph.  The  unstratified  or  igneous  rocks  are  often  divided 
into  two  groups,  according  to  the  circumstances  under  which 
they  are  supposed  to  have  sohdified  from  a  state  of  fusion. 
These  two  groups  are  known  as  volcanic  rocks  and  plutonic 
rocks.    The  volcanic  rocks  are  those  which  have  been  ejected 
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Fig.  39.— Intrusive  Igneous  Rocks.   A,  Interstratified  Sheet ;  B,  Dyke  ; 
C,  Veins  and  Boss. 


from  volcanoes  or  have  welled  out  through  fissures  in  the  crust. 
They  have  consequently  cooled  in  contact  with  the  air.  The 
plutonic  rocks  have  been  formed  beneath  the  surface  when 
subject  to  great  pressure.  As  they  have  cooled  more  slowly 
than  those  sent  out  to  the  surface  their  crystals  have  been  able 
to  form  more  clearly.  They  are  generally  intrusive,  having  been 
forced  through  or  between  strata  already  formed.  They  occur 
in  irregular  masses,  and  often  fill  up  huge  fissures  as  wall-like 
masses  called  dykes.  A  dyke  is  thus  a  vertical  wall  of  igneous 
rock  that  has  been  forced  in  a  molten  state  into  a  fissure  in  the 
strata  and  has  there  solidified.  It  is  plain  that  the  two  kinds  of 
rocks  are  not  marked  off  from  one  another  by  any  sharp  division, 
for  what  is  a  volcanic  rock  at  the  surface  would  often  become  a 
plutonic  rock  on  being  traced  downwards.  There  is,  however, 
often  a  difference  in  structure,  as  the  plutonic  rocks  are  usually 
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more  distinctly  and  coarsely  crystalline  in  structure,  and  do 
not  show  the  glassy  and  spongy  characters  often  exhibited  by 
lava,  having  consolidated  at  great  depths. 

All  the  igneous  rocks  are  mainly  composed  of  silicates— th.i.t 
is,  they  contain  silica  (SiOa)  united  with  the  oxides  of  such 
metals  as  aluminium,  calcium,  magnesium,  iron,  potassium,  and 
sodium. 

137.  Volcanic  Eocks.— The  volcanic  rocks  are  themselves  of  two  kinds, 
volcanic  ashes  and  lavas.  Volcanic  ashes  consist  of  the  fragments  and  dust 
driven  out  from  a  volcano.  These  fragmentary  materials  vary  in  size  from 
large  blocks  to  the  finest  dust,  and  by  their  accumulation  round  the  vent 
build  up  the  volcanic  cone.  The  finer  and  lighter  portions,  however,  are 
carried  to  a  great  height  by  the  vapour  and  gases  from  the  vent,  and  are 
often  borne  away  hundreds  of  miles  by  the  wind.  The  finest  volcanic 
ashes  are  mostly  the  broken  films  of  bubbles  of  lava  blown  into  a  fine  state 
by  the  explosion  of  vapour  and  gases  imprisoned  in  them  ;  while  the 
cinder-like  fragments  called  scoria  are  larger  pieces  of  lava  sent  up  from 
the  lava  column  in  the  pipe  of  the  volcano.  In  time  these  ashes  become 
consolidated  into  a  porous  rock,  called  volcanic  tuff.  This  is  often  caused 
by  the  ashes  becoming  mixed  with  water,  which  changes  them  into  a  kind 
of  mud  that  sets  like  mortar.  The  city  of  Herculaneum  was  buried  by  such 
volcanic  tuff  that  came  from  the  eruption  of  Vesuvius  in  79  a.d.  The  word 
'  ash  '  applied  to  these  fragmentary  materials  only  means  that  they  are  in  a 
finely  divided  state,  and  not  as  in  ordinary  language  the  incombustible 
mineral  residue  found  in  fuel. 

138.  Lava.— Lava  is  the  name  given  to  the  more  or  less  molten  rock 
which  rises  up  the  tube  or  pipe  of  a  volcano  and  flows  out  over  the 
edge  of  the  crater  at  the  top,  or 
forces  its  way  through  fissures  in  the 
side.  Some  lavas  flow  quickly,  like 
molten  iron,  while  others  are  less 
liquid,  and  move  very  slowly.  In 
some  cases  the  lava  stream  scarcely 
reaches  the  bottom  of  the  mountain, 
but  in  other  cases  it  runs  many  miles. 
The  upper  surface  of  a  lava  stream 
cools  quickly,  and  has  generally  a 
cindery  or  scoriaceotis  appearance. 
It  is  full  of  small  holes  or  cells 
formed  by  the  escape  of  steam  from 
its  surface,  so  that  it  has  a  spongy 
a 


Fig.  40.— Section  of  Lav.-i  Stream.    «  and 
scoriaceous  surfaces  ;  c,  solid  interior. 

texture.  This  gives  it  what  is  called 
„  vesicular  or  cellular  structure  (Lat.  vesictila,  a  small  bladder).  The 
lower  portion  of  the  lava  stream  is  also  cooled  by  contact  with  the  rock 
beneath.  In  the  middle,  however,  the  lava  stream  cools  very  slowly,  and 
acquires  a  more  solid  and  glassy  structure.  The  interior  of  a  lava  stream 
sometimes  retains  a  great  heat  for  several  years. 

Instead  of  flowing  out  into  the  air,  lava  may  be  forcibly  driven  mto  the 
surrounding  strata,  where  it  solidifies,  either  in  an  upright  wall  of  rock 
forming  a  dyke,  or  in  a  horizontal  layer  between  the  sedimentary  rocks, 
when  it  is  said  to  be  interstratified.    These  intrusive  igneous  rocks  may 
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send  out  oflshoots  in  various  directions.    It  must  be  no(,>r1  i 

stream  that  has  been  sent  out  into  the  air  may  afterwards  £1^ 

with  sediment,  and  thus  become  InterstratifiTd    Such  .1/2L 

as  It  is  called,  will  have  its  upper  surface  cinderv  anTf.frT'"'/^^^^ 

guished  from  an  intrusive  she'efwhich  hSn^fsS  ^ c  nS  ry uUe^u^S- 

Sued  and  TeS!'^        ^^'"^  ^'^^^     ^^'^  ^  '^'^^  ^«  bVE^Tr^g 

In  some  districts  the  lava  does  not  appear  to  have  fln«,P.l  r 
central  pipe  in  a  volcano,  but  to  have  beT  sent  forth  thTough  numerous 
once""''  in  1"  ""'^     ^uch  quantity  as  to  flood  thousands  of  square  miLs  a 
once.    In  the  western  part  of  North  America  there  is  a  vast  plateau  Tf  lava 
m  some  parts  over  3,000  feet  in  thickness.    There  are  other  sucS  beds  in 
Western  Europe,  the  north  of  Ireland,  Iceland,  and  Norway.    The  name 
rap  IS  sometimes  given  to  the  old  step-like  lavas  which  have  flowedT 
successive  horizontal  sheets,  and  which  form  at  their  edges  an  appe^ranie 
hke  stairs  (irappa  is  a  Swedish  word  for  siatr).  ^  appearance 

139.  Varieties  of  Lava  Rock.-The  chief  kinds  of  lava  are 
trachyte,  obsidian,  pumice,  and  basalt. 

Trac/iyfe  is  a  lava  composed  mainly  of  potash  felspar,  with 
other  silicates.  It  is  usually  of  a  grey  colour,  and  feels  rough 
and  prickly  to  the  fingers.  Quartz-trachyte  or  J^Ayo/Ue  is  the 
lava  form  of  granite. 

Obsidian,  or  volcanic  glass,  is  a  variety  of  lava,  rich  in  silica, 
and  very  hke  ordinary  coarse  bottle-glass  in  appearance. 

Pumice  is  an  ashy,  grey,  rough,  porous  variety  of  rock  formed 
from  the  glassy  lavas.  It  is,  in  fact,  the  froth  or  scum  of  such 
vitreous  lava,  and  is  full  of  small  elongated  cavities  or  cells, 
formed  by  escaping  steam  and  gases.  It  occurs  both  in  the 
form  of  ejected  masses  and  also  on  the  surface.  It  floats  on 
water,  owing  to  these  cavities  being  now  filled  with  air,  so  that  it 
thus  becomes  lighter  than  water  bulk  for  bulk.  If  the  pumice 
be  powdered,  it  quickly  sinks  in  water.  The  pumice  from  a 
volcano  may  find  its  way  into  the  sea,  where  it  floats  for  a 
long  time,  until  the  thin  glassy  divisions  between  the  air  cham- 
bers are  broken  down.  It  then  becomes  water-logged,  and 
finally  sinks  to  the  bottom.  Pumice-stone  is  much  used  by 
painters  to  render  the  surface  of  boards,  &c.,  smooth.  The  pupil 
may  probably  obtain  a  specimen  from  one  of  these  workmen. 

Basalt  is  a  lava  of  a  dark  colour,  dense  and  heavy,  and 
breaking  with  a  conchoidal  or  shell-like  fracture.  It  consists 
of  a  variety  of  felspar  and  of  a  mineral  called  augite.  Doleritt 
is  a  variety  of  basalt  coarsely  crystalline.    The  basalt  rocks  are 
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found  both  as  intrusive  masses  and  as  sheets  that  have  been 
poured  out  on  the  surface.  Many  of  these  lava  sheets  of 
basalt  in  slowly  cooling  and 
solidifying  acquired  a  col- 
umnar structure,  the  col- 
umns often  having  a  more 
or  less  hexagonal  shape, 
though  the  number  of  sides 
varies  (see  fig.  41).  Inter- 
esting examples  of  these 
columnar  basalts  occur  at 

Fingal's  Cave  in  the  island        Fig.  41.— Columnar  structure  of  Basalt. 

of  Staffa,  and  at  the  Giant's  Causeway  in  the  north  of  Ireland. 

140.  Plutonic  Rocks. — The  most  important  of  this  division  ssq  granite 
and  felstone.  It  has  already  been  shown  that  granite  is  a  granular  crystalline 
mixture  of  quartz,  felspar,  and  mica  (see  par.  88).  The  separate  con- 
stituents can  be  distinguished  by  the  eye,  though  the  minerals  have  seldom 


Fig.  42. —Giant's  Causeway,  Antrim  :  Basaltic  Columns. 

had  room  to  assume  a  perfect  shape.  In  some  specimens  the  crystals  of 
felspar  are  very  large  and  distinct,  and  the  rock  is  then  called  porphyritic 
granite.  Such  granite  is  found  on  Dartmoor.  The  granite  from  Peterhead 
is  of  a  reddish  colour,  that  from  Aberdeen  grey.  The  greater  part  of  the 
Grampians,  the  Cumbrian  group,  and  the  mountains  of  Devon  and  Corn- 
wall consist  of  granite.    Syenite  is  a  granitic  rock  in  which  the  mica  is 
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replaced  by  hornblende,  and  in  which  free  quartz  is  absent,  or  only  present 
in  small  quantity.  Granite  not  only  occurs  in  large  eruptive  masses 
formmg  the  central  parts  of  mountain  chains,  but  also  in  smaller  dykes 
veins,  and  bosses.  When  granites  are  weathered— that  is,  exposed  to  the 
action  of  frost,  heat,  rain,  and  rain-water  containing  carbonic  acid— the 
felspar  crystals  are  slowly  decomposed,  and  the  rock  crumbles  away.  The 
soluble  potash  and  soda  silicates  in  the  felspar  are  washed  away  but  the 
silicate  of  alumina  forms  a  white  powder  called  kaolin,  or  china  clay  The 
quartz  breaks  up  into  small  grains,  and  the  mica  into  thin  flakes,  and  these 
grains  form  the  sand  found  on  the  beds  of  rivers,  and  on  the  sea-shore 
becoming  more  rounded  and  reduced  the  longer  they  are  submitted  to  the 
action  of  the  water.  In  time,  and  under  suitable  conditions,  this  sand  may 
become  consolidated  into  a  sedimentary  rock,  and  the  sandstone  thus  formed 
may  itself  suffer  disintegration  (breaking  up)  and  re-formation  many  times. 

_  141.  Telstone,  or  felsite,  is  a  close-grained  rock  composed  of  an  intimate 
mixture  of  felspar  and  quartz.  It  is  very  compact,  and  usually  of  a  dull 
green  or  purplish  colour.  It  is  found  in  some  of  the  mountains  of  North 
Wales,  and  is  quarried  for  making  paving  sets. 

142.  Acidic  and  Basic  Rocks.— The  above  division  of  the  igneous 
rocks,  due  to  their  mode  of  formation,  is  perhaps  the  most  useful  for  the 
beginner  ;  but  there  is  another  mode  of  classifying  them,  based  on  their 
chemical  composition,  which  is  of  some  importance.  Since  silica  acts  as 
a  weak  acid,  those  igneous  rocks  in  which  silica  exists  in  large  proportion 
(66  to  80  per  cent.)  are  called  acidic  rocks  (granites,  rhyolites,  &c.) ;  the 
Igneous  rocks  that  contain  a  relatively  small  proportion  of  silica  (45  to  55 
per  cent. )  and  a  large  proportion  of  metallic  oxides,  are  called  basic  rocks 
(basalt,  dolerite,  &c. ).  There  is  an  intermediate  class,  where  the  propor- 
tion of  silica  is  less  than  in  the  acidic  rocks  but  more  than  in  the  basic  ones. 
The  acid  or  highly  silicated  rocks  are  often  of  a  light  colour,  and  being 
poor  in  lime,  magnesia,  and  iron,  are  difficult  of  fusion.  The  basic  or 
poorly  silicated  rocks  are  of  a  darker  colour,  of  a  higher  specific  gravity, 
and  are  richer  in  lime,  magnesia,  and  iron  than  the  acid  rocks,  and  have  no 
quartz  or  free  silica.  The  following  table  summarises  the  information 
already  given  regarding  the  classification  and  composition  of  igneous  rocks. 

143.  Classification  of  Igtieotis  or  Unstratified  Rocks. 


Division 

Mineral  Composition 

Plutonic 
Varieties 

Volcanic 
Varieties 

Acidic  Rocks 

Quartz,  Felspar,  Mica 

Granite 

Rhyolite, 
Obsidian 

Basic  Rocks 

Felspar  and  Hornblende,  or 
Augite,  with  oxides  of  iron, 
lime,  and  magnesia 

Dolerite, 
Gabbro 

Basalt 

Intermediate 
Rocks 

Felspar  and  Hornblende 

Syenite 

Trachyte 

144.  Metamorphic  Eocks. — It  now  remains  for  us  to  describe 
two  or  three  members  of  the  class  of  transformed  or  altered  sedi- 
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mentary  rocks,  those  in  which  the  structure  has  been  rendered 
more  or  less  crystalline,  and  in  some  of  which  new  chemical 
combinations  have  been  brought  about.  This  metamorphism 
or  change  is  often  observed  in  the  neighbourhood  of  dykes  and 
other  intrusive  igneous  masses.  The  following  are  examples  of 
this  class. 

145.  Crystalline  Limestone,  or  statuary  marble,  is  only  limestone  that  has 
been  altered  by  heat  so  as  to  give  it  a  granular  texture  like  loaf  sugar.  Some 
marbles  are  coloured  by  mineral  matter,  and  all  are  capable  of  being  polished. 

146.  Quartzite  is  sandstone  that  has  been  hardened  by  partial  fusion, 
so  that  the  grains  of  sand  have  run  together. 

147.  Slate  is  shale  that  has  been  hardened  and  otherwise  changed  by 
intense  lateral  pressure,  and  is  composed  mainly  of  aluminium  silicate.  In 
speaking  of  shale  we  described  it  as  a  hardened  clay  that  splits  into 
laminae  or  thin  leaves  parallel  to  the  layers  of  deposition.  This  shale  was 
formed  by  film  after  film  of  fine  sediment  having  been  placed  one  on  another, 
and  this  compacted  by  pressure  from  above,  so  that  the  films  or  laminae 
acquired  a  tendency  to  separate  one  from  another  like  the  leaves  of  a  book. 
The  shale  has  undergone  further  alteration  by  great  lateral  pressure,  caus- 
ing it  to  split  or  cleave  into  leaves  in  a  direction  different  from  the  bedding; 
and  such  altered  shale  is  called  slate. 

148.  Cleavage,  or  slaty  cleavage,  is  the  name  given  to  the  tendency 
found  in  some  rocks  to  split  into  layers  or  flakes  more  or  less  perpendicular 
to  the  original  layers  of  deposition  ;  while  laminatiojt  (Lat.  lamina,  a  leaf) 
is  the  name  given  to  the  arrangement  in  thin  layers  parallel  to  the  bedding. 
Shale  has  a  laminated  structure,  but  slate  shows  cleavage. 

149.  Gneiss. — Gneiss  is  composed  of  the  same  minerals  as  granite, 
viz.  quartz,  felspar,  and  mica,  but  the  minerals  are  arranged  in  layers  or 
bands.    Rocks  in  which  the  minerals 

are  arranged  in  layers  are  said  to  be  ijgigrfTT^l'^Sn'i^j^^;;^^^ 
foliated,  and  this  foliated  arrangement 
of  the  minerals  is  the  great  peculiarity 
of  gneiss.  It  occurs  among  the 
oldest  known  rocks  of  the  earth's 
crust.  Here  is  a  drawing  of  a  piece 
of  gneiss,  showing  the  foliated  ar- 
rangement of  the  component  minerals. 
The  light  layers  consist  of  granular 
felspar,  with  here  and  there  a  little 
mica  and  quartz.     The  dark  bands 

indicate  layers  of  black  mica  inter-  43-— Gneiss. 

mingled  with  grains  of  grey  quartz.    The  rock  will  split  most  easily  along 

the  dark  layers. 

Mica-schist  is  a  metamorphic  rock  consisting  of  irregular  wavy  layers  of 
the  two  minerals  quartz  and  mica. 

150.  Soil— its  Formation  and  Composition.— It  is  only  on  mountainous 
hill-sides,  steep  rocks,  and  water-washed  shores  that  the  actual  bare  rock 
is  seen  at  the  surface.  In  other  places  the  upper  layer  of  the  solid  land 
consists  of  a  thin  covering  of  loose  particles  of  decomposed  rocks,  which 
furnish  a  reservoir  for  the  solid  and  liquid  materials  that  serve  to  nourish 
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plants,  and  also  contain  the  decaying  remains  of  these  plants  after  their 

i  •  T  "l'^'.'''.  '^y"  "'"^'^y  •^'^l^^^^  soil  «f  vegetable  earth.  Soil 
then,  IS  he  superficial  covering  of  the  earth  in  which  vegetation  crows  and 
IS  formed  of  the  disintegrated  or  broken-up  particles  of  rocks,  mixed  'with 
decaymg  vegetable  and  animal  matter.  The  chief  agents  that  brine  about 
this  disintegration  and  decomposition  are  rain,  changes  of  temperature 
frost,  the  atmosphere,  and  the  roots  of  plants.  The  rain  softens  and  m 
some  cases  decomposes  the  minerals  forming  the  rock,  for  in  falling  through 
the  atmosphere  it  dissolves  oxygen  and  carbonic  acid,  and  these  assist  in 
the  wearing  away  of  the  rocks.  The  oxygen  oxidises  some  of  the  rock 
substances,  causing  them  to  fall  into  powder,  while  the  carbonic  acid  in 
solution  assists  in  dissolving  some  of  the  more  soluble  ingredients  Rocks 
containing  iron  have  frequently  a  reddish  tinge,  due  to  the  iron  oxide. 
The  heat  of  the  sun  during  the  day  expands  the  rocks,  and  the  rapid  radia- 
tion of  the  heat  after  sunset  soon  causes  the  stone  to  become  cold  and  con- 
tract. The  effect  of  these  alternate  expansions  and  contractions  is  to  crack 
the  rock  and  loosen  the  particles  on  the  surface.  This  is  further  assisted  by 
the  rocks  at  one  time  getting  soaked  with  water  and  then  rapidly  dried. 
Frost,  too,  is  a  very  active  agent  in  this  process  of  splitting  rocks.  The 
water  that  falls  on  the  ground  soaks  through  the  soil  and  into  the  pores 
and  crevices  of  the  rocks.  As  the  air  falls  below  freezing-point  this  water 
IS  turned  into  ice.  Water  in  being  frozen  expands  with  great  force,  and 
this  expansion  pushes  aside  particles  and  masses  of  rocks,  so  that  every 
winter  this  work  of  destruction  by  frost  goes  on  extensively,  and  may  easily 
be  seen  on  examining  the  face  of  an  exposed  cliff. 

These  various  actions  are  often  spoken  of  as  the  '  weathering  '  of  the 
rocks,  for  they  are  mainly  due  to  the  changes  that  take  place  in  the  atmo- 
sphere. They  are  also  spoken  of  as  '  sub-aerial '  denudation,  as  they  take 
place  beneath  the  surrounding  air,  in  contradistinction  to  what  takes  place 
at  the  bottom  of  water.  Vegetation  partly  prevents  the  action  of  these 
weathering  influences  by  forming  a  protective  covering  over  them,  and 
partly  assists  by  keeping  the  rocks  wet,  and  by  sending  roots  which  force 
their  way  through  cracks  and  joints,  and  thus  loosen  them.  Animals 
that  live  in  the  ground  also  aid  in  the  work.  Even  the  despised  earthworms 
bring  to  the  surface  large  quantities  of  the  finer  parts  of  the  soil  which  they 
have  swallowed  and  passed  through  their  bodies.  Most  of  the  soil  formed 
in  the  way  thus  described  at  last  finds  its  way  into  lakes  or  seas,  for  even 
after  it  has  been  washed  down  the  mountain  slopes  into  the  valleys  and 
plains,  though  it  may  rest  there  for  hundreds  of  years,  it  is  eventually  carried 
away  into  rivers,  and  thence  to  the  sea.  The  thickness  of  the  soil  varies 
from  one  or  two  inches  to  several  feet.  It  is  thinnest  on  hill-sides,  where 
it  is  washed  down  by  the  rain  or  blown  away  by  the  wind  ;  and  it  is 
thickest  in  flat  districts,  where  the  water  carries  away  but  little.  All  kinds 
of  rocks  are  subject  to  these  actions— the  stratified  rocks  that  once  formed 
the  floors  of  seas  and  lakes,  and  the  igneous  rocks  that  have  been  pushed 
up  to  the  surface.  The  character  of  the  soil,  therefore,  depends  on  the 
kind  of  rocks  from  which  it  has  been  formed.  There  are  clayey  or 
heavy  soils,  that  form  mud  in  wet  weather,  and  clods  in  dry  weather  ; 
sandy  or  light  soils,  that  never  clod,  but  allow  the  water  to  pass  quickly 
through  them  ;  calcareous  soils,  which  contain  a  good  proportion  of  calcium 
carbonate,  &c.  A  good  soil,  however,  for  agricultural  purposes  consists  of 
a  due  admixture  of  these  different  kinds  with  a  certain  amount  of  decaying 
animal  and  vegetable  matter. 
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Usually  the  rocks  from  which  a  soil  is  derived  will  be  found  on  digging 
down  for  a  few  feet,  though  in  some  cases  the  materials  may  have  been 
derived  from  distant  rocks. 
Here  is  a  section  which 
shows  how  the  rock  passes 
upwards  into  soil.  Such  a 
section  may  be  frequently 
found  by  digging  a  hole  in 
a  field,  or  looking  at  the 
exposed  edge  of  some  river 
bank  in  the  country.  At 
a  we  have  a  thin  layer  of 
soil  in  which  the  grass 
grows,  and  composed  of 
the  materials  already  men- 
tioned and  described  further 
below.  At  b  we  come  to 
broken-up  crumbling  stones, 
which  increase  in  size  as  we 
descend.  This  layer  is  called  the  subsoil,  and  often  contains  a  few  roots 
from  the  larger  plants.  At  c  we  find  the  solid  rock  of  limestone,  divided 
into  blocks  by  natural  divisions  called  joints. 

To  render  clear  and  distinct  our  ideas  of  what  soil  is  composed  of,  we 
will  take  up  a  handful  of  good  soil  from  a  field  or  garden,  and  examine  it. 
On  putting  the  soil  into  a  large  vessel  of  water,  and  stirring  it  up,  we  may 
observe  the  following  :  (i)  little  stones  of  all  shapes  fall  to  the  bottom — these 
may  be  removed;  (2)  on  again  stirring,  grains  of  sand  will  be  seen  to  settle 
to  the  bottom — these  may  also  be  taken  out;  (3)  on  adding  a  little  acid,  such 
as  vinegar  or  hydrochloric  acid,  to  a  portion  of  the  soil  an  effervescence  will 
probably  be  noticed — this  shows  that  calcareous  matter  (calcium  carbonate) 
is  present ;  (4)  on  leaving  the  muddy  water  left  after  removing  the  small 
stones  and  grains  of  sand  to  stand  for  a  day^  the  finer  sediment  falls  to  the 
bottom,  and  when  we  take  it  up  we  can  see  that  it  is  mostly  clay,  because 
it  is  plastic ;  after  drying  some  of  the  mud,  we  may  take  a  quantity  and 
heat  it  strongly  in  an  iron  spoon.  As  it  gets  very  hot  it  takes  fire,  and  a 
part  burns,  leaving  the  rest  bleached  or  reddened.  This  combustible  por- 
tion is  the  htcinus,  or  decaying  organic  matter,  and  it  is  to  the  decaying 
remains  of  vegetation  that  the  soil  chiefly  owes  its  dark  colour. 

151.  Position  and  Arrangement  of  Eocks  on  the  Earth's  Surface. — 
We  have  now  learnt  of  what  materials  the  different  rocks  forming  the  crust 
of  the  earth  are  composed,  and  how  these  rocks  have  been  formed  ;  the 
next  thing  is  to  learn  something  about  the  changes  of  position  that  many  of 
them  have  undergone.  The  layers  of  stratified  rocks  in  most  cases  were 
formed  by  the  deposition  of  sediment  at  the  bottom  of  the  sea  or  of  a  lake, 
the  fossils  they  contain  showing  whether  they  were  marine  or  lacustrine 
deposits ;  and  these  beds  were  originally  spread  out  in  a  horizontal  position, 
or  nearly  so.  That  this  must  have  been  the  original  position  follows  from 
their  aqueous  origin,  and  we  see  similar  horizontal  deposits  forming  in 
water  at  the  present  time.  Water  can  only  deposit  material  on  a  level 
surface  or  a  gentle  slope.  But  we  now  find  these  rocks  raised  into  the  air, 
sometimes  even  forming  the  summits  of  mountains.  The  strata  are  also  no 
longer  horizontal  in  many  cases,  but  inclined  at  all  angles,  sometimes  bent 
and  folded  in  nearly  all  directions,  and  frequently  broken  across  by  immense 
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fractures.  How  has  this  elevation  and  displacement  been  brought  about  ? 
"We  cannot  suppose  that  the  level  of  the  sea  has  sunk  to  the  extent  required  ; 
for  strata  of  marine  formation  occur,  on  the  Alps  and  other  mountains,  at  a 
height  of  ten  or  twelve  thousand  feet.  Hence  the  stratified  land  must  have 
been  lifted  up.  The  sea  cannot  be  elevated  or  depressed  in  one  place  with- 
out a  general  change  of  level  taking  place  all  over  the  globe,  but  we  know 
as  a  fact  that  such  rising  as  well  as  sinking  of  the  land  is  now  actually 
taking  place.  Sometimes  there  is  a  sudden  upheaval,  affecting  a  compara- 
tively small  district,  but  of  equal  if  not  greater  importance  are  the  slow  up- 
risings and  sinkings  that  occur  over  large  areas.  It  is  not  necessary  to 
suppose  a  force  acting  vertically  upwards  as  the  cause  of  these  latter  pheno- 
mena. Some  are  probably  due  to  the  contraction  of  the  earth's  crust,  con- 
sequent on  the  slow  cooling  of  the  interior,  while  others  are  due  to  the 
action  of  subterranean  forces  and  the  upheaval  of  igneous  rocks.  "Whatever 
be  the  cause,  the  consequences  are  that  not  only  have  the  strata  been  lifted 
fip  into  the  air  from  the  bottom  of  water,  but  the  rocks  have  been  tilted, 
folded,  and  broken  in  the  way  already  referred  to, 

152.  Inclined  Strata. — When  strata  have  been  pushed  up  at  one  place 
more  than  another  they  will  be  thrown  into  an  inclined  position.  This 
downward  inclination  from  the  horizontal  is  called  the  dip  of  the  strata, 
while  the  appearance  of  the  edge  of  the  inclined  bed  at  the  surface  is 


Fig.  45.  — Anticlinal  and  Synclinal  Curves. 


called  the  outcrop.  These  incRned  strata  may  often  be  seen  in  quarries, 
railway-cuttings,  &c. 

In  some  cases  the  strata  have  been  thrown  into  a  vertical  position. 
Vertical  strata  of  limestone  can  be  seen  at  many  places  on  the  edge  of  the 
Pennine  chain. 

Bent  strata  often  show  the  following  arrangement  when  seen  in  section. 
There  is  a  series  of  convex  and  concave  bendings,  the  strata  rising  and 
sinking  so  as  to  form  ridges  and  valleys.  "WHaere  the  beds  have  an  arched 
form,  and  dip  away  in  opposite  directions,  they  are  said  to  be  anticlinal; 
when  they  form  a  basin  or  trough  they  are  said  to  be  synclinal. 

Fig.  45  gives  a  view  of  such  strata  as  shown  in  a  gorge  or  cluse  of  the 
Jura  Mountains  in  Switzerland.  A  and  B  are  the  anticlinal  curves,  and  C 
the  synclinal. 

"When  beds  or  strata  lie  parallel  on  each  other  they  are  said  to  be  co7t- 
formable,  but  when  one  set  of  beds  rests  on  the  upturned  and  worn  edges 
of  another  we  have  what  is  called  unco7iforinahle  stratification.  The  upper 
strata  lie  unconformably  on  the  lower.  Such  arrangement  of  beds  shows  a 
great  lapse  of  time,  for  the  lower  beds  must  have  been  formed,  consoli- 
dated, raised  into  their  inclined  position,  and  probably  exposed  to  some 
amount  of  wearing,  before  the  upper  beds  could  have  been  deposited  on 
them. 

In  cases  where  the  rocks  have  been  too  rigid  to  bend  during  the  action 
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of  some  mighty  force  a  fracture  has  taken  place,  so  that  vajV  °ften  on  one 
side  of  the  crack  produced  the  correspondmg  rocks  are  much  higher  tnan 


Fig.  46.- Fault,  showing  Broken  and  Shifted  Beds  of  Rock. 

on  the  other.  These  fractures  and  displacements  of  the  rocks  are  called 
fatilts.    Faults  vary  in  size  from  a  few  inches  to  hundreds  of  feet. 


Fig.  47. 


Fig.  48. 


Even  where  the  strata  have  not  been  disturbed,  but  lie  horizontally _  as 
deposited,  they  have  often  been  carved  out  in  hills  and  valleys  by  the  action 
of  rivers,  rain,  and  other  atmospheric  agencies. 
If  we  let  fig.  47  represent  such  a  series  of  hori- 
zontal strata,  and  if  we  suppose  that  they  have 
been  unacted  upon  by  these  agents,  then  A  B 
would  represent  the  surface.  This  would  be  of 
a  uniform  character,  and  we  should  walk  over  a 
level  surface  of  soil  of  all  the  same  kind.  But 
if  this  district  were  acted  on  by  rain  and  rivers, 
the  unequal  hardness  of  the  different  rocks  and 
the  position  of  the  disintegrating  agents  would 
soon  beget  irregularities,  so  that  an  exposed 
section  might  present  such  an  appearance  as 
that  shown  in  fig.  48  ;  while  '  a  geological  map 
would  now  indicate  the  exposure  not  merely 
of  the  uppermost  stratum,  but  also  the  out- 
crop of  several  underlying  beds,  somewhat  in 

the  manner  shown  in  fig.  49,  with  probably  a  river  R  R  running  along  the 
bottom  of  the  valley.'  (Rutley.) 

153.  Denudation  (Lat.  de,  down  ;  nudus,  bare)  is  the  name 
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given  to  the  process  by  which  water  and  other  agents  break  up 
and  reduce  the  land  to  a  lower  level.  This  denudation  or 
wearing  away  of  rocks  is  generally  described  under  two  heads  • 

(1)  Marine  denudation,  the  action  of  the  tides  and  waves  of 
the  sea  on  the  coast  of  the  land.  ' 

(2)  Atmospheric  or  sub-aerial  denudation,  the  action  of  rain 
running  water,  frost,  ice,  and  air  on  the  rocks  of  the  earth's 
crust. 

These  various  denuding  agents,  and  the  mode  in  which 

I  ^^'^^^y  '^^^^^ed  to      speaking  of  soil 

and  will  be  further  described  in  the  chapters  on  the  Sea  and 
the  Sculpture  of  the  Land. 

CHAPTER  VIL 

INTERIOR    OF     THE      EARTH-VOLCANOES-  EARTH- 
QUAKES,     AND    OTHER    MOVEMENTS     OF  THE 


EARTHS  CRUST. 


[54.  Density  of  the  Earth.— Astronomers  have  been  able  to 
calculate  the  weight  of  the  earth,  and  have  shown  that  it  is  about 
5^  times  heavier  than  a  globe  of  the  same  size  composed  of 
water.    The  mean  density  or  specific  gravity  of  the  materials 
that  form  the  crust  is  a  little  less  than  three.  The  average  density 
of  the  earth  is  thus  about  twice  the  density  of  the  rocks  forming 
its  crust.  We  are,  therefore,  forced  to  conclude  that  the  interior 
portions  of  the  earth  are  specifically  heavier— of  greater 
density— than  the  outside  crust.  The  explanation  of  this  increase 
of  weight  in  the  materials  of  the  earth's  interior  is  a  question 
still  in  dispute.    In  consequence  of  the  enormous  pressure 
exerted  on  the  rocks  in  the  interior  by  the  rocks  overlying 
them,  some  assert  that  these  deeper  rocks,  composed  of  the 
same  kind  of  materials  as  those  in  the  crust,  will  be  compressed 
or  squeezed  into  so  much  less  space,  that  this  increase  of  density 
is  easily  accounted  for,  and  that  the  increase  of  density  would 
be  still  greater  were  it  not  for  the  expansive  force  of  the  heat 
in  the  earth's  interior.    Others  doubt  this  great  compressibility 
of  solid  substances,  and  believe  that  the  interior  portions  of  the 
globe  are  composed  of  heavier  and  different  materials  than 
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those  near  the  surface.  These  materials  are  thought  to  consist 
largely  of  metallic  elements,  such  as  iron,  nickel,  and  cobalt, 
either  tree  or  forming  alloys  with  one  another.  It  has  been 
pointed  out  that  in  this  respect  the  earth's  interior  would  be 
similar  in  composition  to  those  pieces  of  matter  flying  through 
space  which  sometimes  fall  on  the  earth  as  meteorites. 

155.  Internal  Temperature  of  the  Earth  A  thermometer  on  the 

surface  of  the  earth,  or  buried  only  a  few  inches  below  the  surface,  shows 
variations  of  temperature  depending  on  the  time  of  the  day  and  the  season 
of  the  year.  But  these  variations  do  not  penetrate  far  into  the  crust.  At 
a  distance  below  the  surface  of  about  fifty  feet  in  Britain  there  is  a  stratum 
of  invariable  temperature,  this  constant  temperature  being  usually  nearly 
the  same  as  the  average  temperature  of  the  surface.  The  depth  at  which 
this  constant  temperature  is  found  varies  somewhat  with  the  climate. 
Below  this  depth  the  temperature  increases,  so  that  at  the  bottom  of  a 
deep  mine  the  miners  usually  take  off  their  clothes.  The  rate  of  increase 
varies  for  different  places,  being  on  the  average  l°  F.  for  every  60  feet  of 
descent,  or  88°  F.  for  every  mile.  These  facts  have  been  ascertained  by 
taking  the  temperature  in  mines,  borings,  and  deep  wells.  In  the  Rose 
Bridge  Colliery,  near  Wigan,  a  shaft  has  been  sunk  to  the  depth  of  2,445 
feet,  and  the  temperature  at  the  bottom  is  about  94°  F.,  the  average  tem- 
perature at  the  surface  being  49°  F.  This  gives  an  increase  of  about  I  °  F. 
for  every  54  feet.  Water  rises  from  an  artesian  well  near  Paris  from  a 
depth  of  1,800  feet,  and  this  water  has  a  temperature  of  82°  F.,  being 
about  29°  more  than  the  average  temperature.  Other  proofs  of  the  high 
temperature  of  the  interior  of  the  earth  are  found  in  the  existence  of  volca- 
noes sending  out  molten  masses  of  rock,  and  in  geysers  and  other  hot 
springs  discharging  large  volumes  of  heated  water.  These  hot  springs 
occur  most  frequently  in  the  neighbourhood  of  volcanoes,  but  they  are  also 
found  in  other  districts.  There  is  one  at  Bath,  the  waters  of  which  have 
a  temperature  of  120°  F. 

156.  Interior  not  Fluid. — But  though  there  is  thus  a  high  temperature 
existing  in  the  earth's  crust,  and  though  there  is  a  more  or  less  regular 
increase  of  temperature  with  depth,  it  does  not  follow  that  the  interior  of 
the  earth  is  in  a  liquid  state.  If  the  rate  of  increase  (1°  F.  for  every  60 
feet)  continues  to  depths  far  below  those  observed,  it  is  certainly  true  at  a 
depth  of  about  two  miles  the  rocks  would  be  as  hot  as  boiling  water,  while 
at  a  depth  of  forty  or  fifty  miles  the  heat  would  be  sufficiently  great  to  melt 
any  rock  if  at  the  surface.  But  at  such  a  depth  the  pressure  would  be  very 
great,  and  under  increased  pressure  the  melting-point  of  solid  bodies  is 
raised.  They  require  more  room  when  melted  than  when  solid,  and  if  the 
pressure  prevents  them  from  getting  that  space  they  cannot  melt.  We 
thus  see  that  even  if  the  temperature  at  great  depths  be  above  the  fusing- 
point  of  the  rocks  they  may  be  kept  in  the  solid  state  by  intense  pressure. 
But  we  are  not  certain  that  the  temperature  at  great  depths  does  follow  the 
regular  law  of  increase  observed  in  the  rocks  of  the  crust.  In  some  places 
the  increase  of  temperature  is  much  greater  than  the  average  given  above 
and  in  some  places  much  less.  It  varies  from  1°  F.  for  every  20  feet  of 
depth  to  1°  F.  for  every  100  feet.  It  has  been  noticed  that  the  rate  of 
increase  is  very  high  in  places  that  have  been  recently  the  seat  of  volcanic 
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activily.  Ii  may  be  pointed  out  that  the  calculations  of  astronomers  show 
that  the  observed  motions  of  the  earth  are  inconsistent  with  a  fluid  interior 
The  most  probable  conclusion,  therefore,  is  that  the  earth  is  mainly  solid 
throughout,  but  that  liquid  spaces  or  cavities  are  formed  by  diminution  of 
pressure  or  the  inflow  of  water,  both  of  which  might  reduce  the  fusing- 
point  of  the  rocks,  and  from  these  spaces  volcanoes  derive  the  material 
which  they  eject.  \ 

Volcanoes. 

157.  Definition  of  a  Volcano.— It  is  not  easy  to  give  a 
satisfactory  definition  of  a  volcano,  but  we  can  easily  avoid 
some  of  the  mistakes  often  committed,  and  on  which  we  shall 
afterwards  remark.  Here  are  examples  of  more  or  less  accu- 
rate and  complete  definitions  which  will  serve  our  purpose,  and 
which  will  be  better  understood  shortly.  '  A  volcano  is  a  more 
or  less  conical  hill  or  mountain,  usually  truncated,  communi- 
cating with  the  interior  of  the  earth  by  a  pipe  or  funnel,  through 
which  issue  hot  vapours  and  gases,  and  frequently  loose  frag- 
mentary materials,  and  streams  of  molten  rock'— Prof.  J. 
Geikie.  '  A  volcano  is  a  more  or  less  flat  cone  which  is,  or  has 
been,  connected  by  a  channel  with  the  depths  of  the  earth,  and 
which  serves,  or  has  before  served,  as  an  outlet  for  gaseous, 
solid,  and  glowing  liquid  masses.' — Credner. 

It  will  be  noticed  that  in  this  last  definition  there  is  implied  the  fact 
that  some  volcanoes  cease  to  send  forth  materials  and  become  inactive. 
Hence  the  distinction  between  active  and  extinct  volcanoes.  '  An  active 
volcano  may  be  defined  as  a  passage  or  pipe  which  affords  to  deep-seated 
mineral  matter  in  a  state  of  fusion  the  means  of  transmission  through  the 
earth's  crust,  and  of  egress  at  its  surface.  A  passive  or  extinct  volcano  is 
one  in  which  this  communication  is  obstructed,  either  by  a  plug  of  solidified 
lava,  or  by  accumulations  of  fragmentary  matter — a  dissipation,  temporary 
or  permanent,  of  the  eruptive  energy  permitting  the  solidification  of  the 
molten  matter.  Should  an  augmentation  of  the  eruptive  force  qccur,  the 
plug  will  either  be  shattered  and  ejected  in  the  form  of  lapilli  and  ashes,  or 
re-melted  and  poured  out  as  lava  ;  but  if  it  be  unable  to  reopen  the  old 
passage  new  vents  may  be  produced,  either  within  or  without  the  lip 
of  the  crater.'  (Rutley.)  It  will  be  noticed  that  in  the  definition  of  an 
active  volcano,  last  given,  no  mention  is  made  of  a  hill  or  mountain. 
No  doubt  this  is  because  the  essential  and  most  important  part  of  the 
volcano  is  the  pipe  or  tube  through  which  the  ejected  materials  are  sent, 
and  also  because  the  hills  or  mountains  when  present  are  built  up  out 
of  the  materials  sent  out,  and  are  thus  the  results,  and  not  the  causes,  of 
the  volcanic  activity.  In  the  definition  of  an  extinct  volcano  we  must  also 
notice  that  though  no  volcanic  action  of  any  kind  is  now  taking  place,  yet 
it  is  possible  that  activity  may  again  burst  forth.  Before  A.D.  79  Vesuvius 
might  have  been  regarded  as  an  extinct  volcano,  for  the  great  crater  called 
Somma,  which  then  occupied  the  summit,  had  never  been  known  to  be  in 
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activity.  But  in  that  year  it  came  into  sudden  activity  ;  half  of  the  crater 
was  blown  away,  a  great  eruption  took  place,  and  the  new  crater,  the 
present  Vesuvius,  was  formed  within  the  old  one.  It  has  continued  in 
activity  at  intervals  ever  since,  new  cones  being  frequently  formed,  or  old 
ones  altered  in  shape.  In  the  Auvergne  district  of  central  France  many 
denuded  cones  of  extinct  volcanoes  still  exist.  No  record  or  tradition  of 
any  eruption,  however,  remains.  Even  when  the  cone  has  entirely  dis- 
appeared, the  neck  or  solidified  plug  of  lava  may  still  remain  to  fix  the  site 
of  a  volcanic  vent.  When  a  volcano  only  throws  out  steam  and  gases,  it 
is  said  to  be  dormant,  or  in  a  quiescent  state.  Renewed  activity  may  occur 
at  any  time.  A  dormant  volcano  usually  forms  only  a  small  cloud  of  steam 
near  its  summit. 

158.  Signs  of  an  Eruption. — In  some  cases  eruptions  take 
place  without  any  warning  symptoms,  but  in  other  cases  there 
are  indications  for  various  periods  beforehand.  Loud  rumbhng 
sounds  are  heard  from  the  mountain,  and  as  these  increase  in 
intensity  shocks  of  earthquake  follow  the  noises,  and  the  quak- 
ings  return  at  shorter  and  shorter  intervals.  These  form  one 
of  the  surest  and  most  general  signs  of  an  eruption,  especially 
when  the  volcano  was  previously  quiet.  The  water  in  wells 
and  springs  sometimes  ceases  to  flow.  This  is  no  doubt  owing 
to  the  disappearing  of  the  water  into  rents  and  fissures  below. 
At  other  times  springs  issue  forth  in  fresh  places,  or  wells  which 
were  before  pure  become  muddy.  The  sea,  too,  may  be  affected 
by  the  ground  shocks,  rising  and  sinking  in  an  unnatural  way. 
But  all  these  signs  may  fail  and  the  eruption  come  quite 
suddenly,  as  did  that  of  Vesuvius  in  1853. 

159.  Phenomena  accompanying  an  Eruption.— After  the 
signs  and  warnings,  or  without  them,  as  may  be,  the  vapour 
from  the  crater  at  the  top  of  the  vent  increases  in  volume  while 
the  lava  ascends  in  the  pipe  or  funnel,  and  the  phenomena 
usually  occur  in  the  following  order  : — 

(I)  The  outbreak  begins  with  a  mighty  shake  of  the  mountain,  and  the 
highly  expanded  steam  and  gases  burst  forth,  scattering  in  tremendous 
explosions  minute  fragments  of  the  lava.  These  explosions  are  quickly 
repeated,  and  huge  ball-like  masses  of  steam  are  driven  upwards  towards 
the  sky.  If  there  is  little  wind  these  rise  nearly  straight  up  and  then  spread 
out  to  form  a  horizontal  cloud,  so  that  the  appearance  of  the  column  and 
cloud  IS  like  that  of  an  Italian  pine-tree  called  the  stone-pine.  This  pine- 
tree  column,  consisting  of  steam,  gases,  and  fine  particles  of  volcanic  dust 
reflects  the  glowing  redness  of  the  masses  of  heated  rock  and  molten  lava 
in  the  crater  below,  producing  the  appearance  of  flames.  That  they  are  not 
real  flames,  tut  produced  by  the  reflection  of  the  lava  glow  in  the  crater 
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on  the  millions  of  steam  bubbles  in  the  column,  is  evident  from  the  fact 
that  they  show  no  fluttering  motion,  and  are  not  driven  out  of  their  steadi- 
ness by  any  wind.  The  steam-cloud  soon  begins  to  condense,  and  a  great 
slownfall  of  rain  occurs,  sweeping  the  loose  volcanic  dust  down  the  slopes 


Fig.  50. — Vesuvius  in  Eruption,  October  1822,  showing  Pine-tree  Column  of  Steam, 
Falling  Rain,  Ashes,  and  Flashes  of  Lightning. 


of  the  mountain,  and  forming  torrents  of  mud -lava  that  often  do  more 
destruction  than  the  real  lava  stream.  Lightning  and  thunder  accompany 
such  an  eruption,  the  electricity  being  probably  generated  by  intense  friction 
of  the  steam  and  dust  particles. 

(2)  Closely  following  and  partly  accompanying  the  outburst  of  steam 
and  gases  there  is  a  great  discharge  of  dust,  ashes,  and  stones.  These  are 
derived  partly  from  the  lava  in  the  funnel,  and  partly  from  the  walls  of  the 
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cratef,  and  either  fall  back  on  the  sides  of  the  cone,  increasing  the  size  of 
the  mountain,  or  into  the  crater,  whence  they  are  again  ejected,  each  time 
being  reduced  to  finer  powder.  Some  of  the  very  fine  powder  is  carried  to 
a  great  height  in  the  steam  column,  and  may  be  driven  immense  distances 
by  the  wind. 

(3)  The  lava  itself  rises  up  the  central  funnel,  and  either  overflows  the 
lip  of  the  crater  or  bursts  its  way  through  fissures  in  the  sides  of  the  com, 
In  this  case  there  form  on  the  hill  secondary  centres  of  eruption,  throwing 


t  iG.  51.— Summit  of  Vesuvius  in  1756. 


out  cinders  and  ashes,  and  building  up  small  parasitical  cones  on  the  sides. 
From  the  streaming  lava  itself  great  clouds  of  steam  arise.  The  outflow  of 
lava  usually  marks  the  crisis  or  culminating-point  of  the  eruption. 

This  sequence  of  events  is  not  always  followed,  and  there  have  been 
many  eruptions  where  only  steam  and  ashes  have  been  sent  forth.  At 
other  times  there  has  been  a  great  outburst  of  lava  with  little  steam  and 
ashes. 

160.  Products  of  an  Eruption. —We  may  place  the  products  of  eruption, 
under  the  following  heads  ;  (i)  steam  and  gases  ;  (2)  fragmental  materials 
(3)  lava. 

(i)  Steam  and  Gases. — The  most  abundant  of  the  substances  ejected  is. 
steam  or  water  gas.  As  before  stated,  it  is  erupted  in  large  globular  masses, 
each  of  which  is  the  product  of  an  explosion  in  the  molten  lava  of  the  funnel 
or  crater. 

But  besides  steam  there  are  the  following  gases  :  carbonic  acid,  hydro- 
chloric acid,  sulphur  dioxide,  sulphuretted  hydrogen,  sulphuric  acid, 
nitrogen,  and  ammonia.  Some  of  these  volatile  substances  react  on  one 
another  and  on  the  heated  rocks,  forming  a  number  of  secondary  products. 
Thus  the  sulphuretted  hydrogen  and  the  sulphur  dioxide  produce  by  their 
reaction  water  and  free  sulphur  (SOj  +  2SH2  =  3S  +  aH.p).  This  free  sul- 
phur thus  produced,  not  sent  out  of  the  volcano  as  such,  is  deposited  in  the 
fissures  and  cavities  of  the  crater. 

The  hydrochloric  acid  acts  on  the  rocks,  uniting  with  the  iron  to  form 
yellow  ferric  chloride.    The  acid  gases  form  with  the  heated  lavas  other 
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soluble  salts,  as  sulphates,  chlorides,  carbonates,  &c.    The  free  hydrogen 

Coloured  r^'f'.        ^"h"'  1'^.  "      '  ^l^-h  irsoSes 

coloured  by  mctalhc  oxides  ;  but,  as  already  remarked,  the  huge  red  clow 

so  conspicuous  at  night  is  not  due  to  flame,  but  is  only  the  reflection  on  th^ 
steam-cloud  of  the  heated  lava  below.  'cucciion  on  me 

(2)  Fragmental  Products.— consist  of  the  solid  materials  sent  out 
during  an  eruption,  and  are  of  various  sizes  and  kinds.  Some  oTtiie  1  "okeri 

material  is  formed  of  pieces  torn  off  the  rocks 
through  which  the  eruption  has  occurred,  but 
most  of  It  consists  of  ragged  cindery  lumps 
blown  away  from  the  lava  bubbling  and 
seething  below.  The  larger  angular  pieces 
are  spoken  of  as  volcanic  blocks.  At  times 
masses  of  fluid  lava  are  sent  spinning  into 
the  air,  and  these  during  their  rotation  acquire 
a  globular,  oval,  or  pear-shaped  form,  and 
hardening  as  they  fall  are  called  volcanic 
Fig.  52.-Volcanic  Bombs.  bonibs.  A  volcattic  bomb  is  thus  a  round, 
,  .    ,  .    r         ,  ""^  pear-shaped  mass  of  cooled  lava  that 

has  acquired  its  form  when  rotating  in  the  air.  It  may  vary  in  size  from 
a  few  inches  to  two  or  three  feet  in  diameter.  It  is  often  cellular  inside, 
the  lava  having  been  distended  with  bubbles ;  sometimes  hollow,  but 
occasionally  it  has  a  solid  nucleus. 

Sconce  or  cinders  is  the  name  given  to  the  rough,  angular, 
cindery-looking  material  sent  out  from  the  volcano,  or  forming 
the  slag  and  scum  on  the  surface  of  some  lava  streams.  The 
word  'cinders'  only  refers  to  the  appearance  of  the  substance, 
and  does  not  mean  that  it  is  a  partly  burnt  fuel  like  the  cinders 
of  a  fire.  Scoria  resembles  more  the  slags  and  clinkers  of  an 
iron  furnace,  which  are  the  partly  fused  glassy  rock. 

Pumice  is  the  hght,  porous,  rocky  material  sent  out  from 
the  crater  or  formed  on  the  surface  of  glassy  lavas.  Its  com- 
position and  description  will  be  found  in  a  previous  paragraph 
(139)- 

Lapilli  are  small  ejected  volcanic  fragments  varying  in  size 
from  a  pea  to  a  nut. 

Volcanic  ash  or  dust  is  the  fine  light  grey  powder  or  dust  formed  partly 
from  the  bubbling  lava,  and  partly  by  the  attrition  or  friction  of  the 
ejected  loose  materials.  These  often  fall  back  again  and  again  into  the 
crater,  and  are  thus  reduced  to  smaller  and  smaller  particles,  some  as  large 
as  sand  grains,  but  others  finer  than  the  finest  flour.  It  is  so  called  from 
its  resemblance  to  the  ashes  of  our  fires,  not  because  it  is  the  incombustible 
taineral  residue  of  a  fuel.  So  minute  are  the  particles  of  this  volcanic  dust, 
that  it  readily  finds  its  way  through  the  smallest  chinks  into  houses,  boxes, 
drawers,  &c.  This  finely  divided  volcanic  dust  is  sometimes  carried  by  the 
Bteam  column  to  a  height  of  several  miles,  and  then  borne  away  by  the 
\ipper  currents  of  the  atmosphere  to  verv  threat  distances.  €)ust  from  the 
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Icelandic  volcanoes,  for  instance,  has  often  been  known  to  fall  in  Norway 
and  Sweden.  The  eruption  from  Vesuvius  in  472  A.  D.  carried  ashes  over  as 
far  as  Constantinople.  It  has  even  been  met  with  by  ships  at  sea  at  a 
distance  of  more  than  1,000  miles  from  the  volcano  that  has  thrown  it  out. 
In  this  way  volcanic  dust  becomes  spread  all  over  the  ocean.  Some  of  the 
pumice  sent  out  from  volcanoes  is  also  cast  into  the  sea,  and  carried  away 
by  the  waves  far  from  land.  In  time  this  pumice  sinks.  _  There  is  thus 
formed  on  the  floor  of  the  ocean  a  deposit  of  these  volcanic  materials,  so 
that  from  the  deeper  portions  (above  2,000  fathoms),  where  no  sediments  are 
brought,  and  where  no  calcareous  remains  fall,  as  they  are  dissolved  before 
they  reach  the  bottom,  pumice  and  ashes  have  been  dredged  up,  as  well  as 
certain  red,  grey,  and  chocolate-coloured  clays,  due  to  the  decomposition  of 
these  volcanic  materials.  The  presence  of  this  deposit  of  red  clay  was  one 
of  the  most  important  facts  discovered  in  the  expedition  of  the  '  Challenger.' 
The  colours  are  due  to  the  presence  of  oxide  of  iron  and  oxide  of  manganese. 
A.  remarkably  violent  eruption  took  place  on  the  small  island  of  Krakatoa, 
in  the  Sunda  Straits,  between  Java  and  Sumatra,  during  the  year  1883. 
Up  to  May  1883  the  volcano,  which  formed  a  peak  nearly  3,000  feet  high, 
had  been  inactive  for  a  long  time.  In  that  month  shocks  began  to  be  felt, 
and  steam  was  seen  issuing  from  the  summit.  The  activity  of  the  volcano 
gradually  increased,  until  a  series  of  tremendous  explosions  on  August  26 
and  27  blew  away  the  cone  and  the  greater  part  of  the  island.  The  sea  in 
the  neighbourhood  was  thrown  into  huge  waves,  which,  sweeping  over  the 
coasts  of  Java  and  Sumatra,  destroyed  several  villages,  and  drowned  30,000 
people.  Immense  quantities  of  pumice,  lapilli,  ashes,  and  the  finest  dust 
were  thrown  into  the  atmosphere.  Ships  within  a  distance  of  twenty  miles 
were  in  total  darkness  during  the  27th,  and  the  dust  was  observed  falling 
by  vessels  at  a  distance  of  1,000  miles.  The  sea  was  covered  for  several 
weeks  with  a  great  thickness  of  floating  pumice.  So  great  was  the  concus- 
sion produced  in  the  atmosphere  that  the  air  vibrations  disturbed  the  whole 
atmosphere  of  the  globe.  The  finest  particles  of  dust  remained  for  a  long 
time  floating  in  the  upper  currents  of  the  air,  and  were  carried  by  the  wind 
all  over  the  earth.  The  presence  of  this  impalpable  volcanic  dust  caused 
a  peculiar  glow  in  the  sky  at  sunrise  and  sunset  for  several  months  in 
nearly  every  country,  and  rain  and  snow  which  fell  in  Spain  and  other 
distant  parts  were  found  to  contain  the  same  materials  as  those  forming  the 
ashes  from  Krakatoa. 

161,  Lava  Streams. — The  composition  and  varieties  of  lava  have  already 
been  described  in  speaking  of  igneous  rocks.  The  rate  at  which  a  lava 
stream  flows  varies  considerably.  Sometimes  it  flows  down  the  mountain 
cone  like  a  rapid  river,  but  usually  it  is  very  viscous  and  flows  slowly.  The 
slowly  moving  lavas  have  a  wrinkled  and  twisted  surface  like  coils  of  rope, 
but  the  currents  that  move  quickly  usually  give  off"  great  quantities  of  steam, 
and  this  causes  the  upper  layer  to  become  scoriaceous  or  cindery.  It  thus 
appears  that  a  large  mass  of  water  imprisoned  in  the  lava  increases  its 
mobility.  This  upper  layer  of  scorije  is  very  vesicular,  and  the  ragged,  rough 
masses  are  very  difficult  to  walk  upon.  A  section  of  a  lava  stream  has 
.been  shown  and  described  in  Fig.  40.  All  rocks  are  bad  conductors  of  heat, 
and  _  therefore  when  once  a  solid  crust  has  formed,  the  interior  portion 
retains  its  heat  for  a  long  time — in  very  thick  lava  streams  for  many  years. 
During  the  slow  cooling  it  often  splits  up  into  more  or  less  regidar  columns, 
such  as  those  seen  in  the  mud  of  a  dried-up  pool.  This  explains  the 
columnar  structure  of  basalt  already  referred  to  (par.  139). 
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It  should  be  remembered  that  the  fine  ashes,  lapilli,  pumice,  bombs,  and 
scoriae  are  all  formed  from  the  lava,  and  have  therefore  the  same  composi- 
tion as  the  lava  from  which  they  are  derived. 

As  already  mentioned,  lavas  are  mainly  silicates  of  the  following  metals 
— aluminium,  magnesium,  calcium,  iron,  potassium,  sodium— in  varying 
proportions  ;  these  silicates  being  formed  by  the  union  of  the  binary  com- 
pound silica  (SiOo)  with  the  oxides  of  these  metals.  The  acid  lavas,  or 
those  containing  a  large  proportion  of  silica  (66  to  80  per  cent. ),  as  trachyte, 
are  lighter  in  colour  and  more  difficult  to  melt  than  the  basic  lavas,  as 
basalt,  which  only  contain  45  to  55  per  cent,  of  silica.  In  all  cases  oxygen 
forms  nearly  one-half  the  weight  of  all  lavas  (see  par.  139). 

Some  lava  currents  are  congealed  before  they  reach  the  bottom  of  the 
cone,  while  others  reach  many  miles.  Lava  streams  from  Vesuvius  have 
several  times  reached  the  sea,  a  distance  of  about  five  miles.  A  stream 
came  from  one  of  the  numerous  lateral  cones  of  Etna  of  1669  which  reached 


Fig.  53. — Breached  Pumice  Cone  with  Obsidian  Lava  Stream. 


a  length  of  fifteen  miles,  with  a  width  in  some  places  of  five  miles.  It 
ran  the  first  thirteen  miles  in  twenty  days.  In  1783  a  stream  fifty  miles 
long  and  twelve  miles  broad  issued  from  Skaptar  Yokul  in  Iceland.  Where 
a  volcano  reaches  above  the  snow-line,  like  Cotopaxi,  the  outpour  of  lava 
sometimes  produces  great  floods.  Eruptions  occasionally  take  place  beneath 
the  surface  of  the  sea,  throwing  up  huge  columns  of  water,  and  in  some 
cases  causing  an  island  to  appear.  In  1831  an  island  called  Graham's  Isle 
was  thrown  up  off"  the  coast  of  Sicily  to  a  height  of  600  feet  by  a  submarine 
eruption.  In  the  course  of  a  few  months,  however,  this  scoria  cone  was 
washed  away  by  the  waves,  and  the  materials  spread  over  the  sea  bottom. 

162.  Cause  of  Eruptions. — It  is  plain,  from  the  enormous  discharge  of 
steam  during  volcanic  eruptions,  that  the  vapour  of  water  plays  a  very  im- 
portant part  in  these  phenomena.  The  expansion  of  large  volumes  of  steam 
when  under  great  pressure  is  believed  by  many  writers  to  be  the  chief  cause  of 
the  rise  of  lava,  as  well  as  the  cause  of  the  ejection  of  the  cinders  and  ashes. 
When  the  water  penetrates  into  the  cavities  where  molten  matter  is  present, 
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the  steam  generated  is  thought  to  exert  such  force  as  to  press  up  the  lava 
in  the  duct  of  the  volcano,  and  then  burst  in  huge  bubbles  as  the  pressure 
on  it  lessens  near  the  surface.  Other  writers  state  that  the  rise  of  lava  is 
due  to  a  slight  shrinking  and  contraction  of  the  earth's  crust. 

163.  Structure  of  Volcanic  Mountains.— The  cones  and  craters  of 
volcanoes  have  many  varieties  of  form,  and  during  an  eruption  great  changes 
are  often  produced.  They  range  in  height  from  a  few  feet  to  nearly  four 
miles.  Vesuvius  is  not  quite  4,000  feet,  Etna  is  1 1,000  feet,  and  Cotopaxi, 
in  Peru,  18,876  feet.  The  cone  which  constitutes  the  mountain  is  built  up 
of  the  materials  ejected  from  the  crater,  though  some  of  the  finer  materials 
are  carried,  as  previously  shown,  by  the  winds  and  distributed  over  the  sea 
and  distant  lands.  The  materials,  however,  mostly  descend  round  the  spot 
where  they  are  thrown  out,  and  the  thickness  of  the  deposit  becomes  less 
and  less  at  a  greater  distance  from  the  vent.  There  is  thus  built  up  a 
conical  structure,  truncated  or  cut  off  at  the  top,  the  materials  of  the  sides 
of  the  cone  being  arranged  in  layers  sloping  outwards,  but  the  materials 
that  fall  within  the  crater  slope  inwards.  In  some  cases,  owing  to  the 
action  of  the  wind,  the  cone  is  much  higher  on  one  side  than  on  the  other. 

Some  cones  are  built  up  almost  entirely  of  scoriae  or  cinders, 
and  these  constitute  the  fragmentary  materials  sent  out.  There 
is  a  large  number  of  such  cinder-cones  among  the  extinct 
volcanic  peaks  in  the  Auvergne  district.  In  the  Lipari  Islands 
are  found  cones  almost  entirely  composed  of  pumice.  Such 
pumice-cones  have  been  formed  of  the  material  exploded  from 
the  surface  of  a  glassy  lava. 

Some  cones  are  mostly  formed  of  the  smaller  fragmentary 
materials  called  lapilli  and  ash.  As  already  explained,  rain 
often  causes  this  to  come  down  as  mud,  which  consolidates  in 
layers  of  volcanic  tuff  or  tufa.  The  tuff-cones  have  not  such  a 
steep  slope  as  the  cinder-cones. 

There  are  cones  composed  partly  of  scoria  and  partly  of  tuff, 
the  materials  being  arranged  in  layers  so  as  to  have  a  stratified 
arrangement. 

Cones  are  found  which  are  almost  entirely  composed  of  lava  flows. 
The  lava,  as  it  wells  out,  either  accumulates  in  dome-shaped  masses  or 
spreads  out  on  all  sides  in  such  a  way  that  a  great  conical  heap  is  formed 
with  a  very  wide  base.  The  great  volcano  of  Mauna  Loa  in  the  island  of 
Hawaii,  one  of  the  Sandwich  Islands,  is  a  lava  cone,  and  has  a  height  of 
nearly  14,000  feet,  and  a  breadth  at  the  base  of  seventy  miles.  The  slope 
is  therefore  very  small  compared  with  the  slope  of  such  volcanoes  as  Etna 
and  Vesuvius.  Its  crater  is  a  huge  pit  two  to  three  miles  across  and  over 
700  feet  deep,  at  the  bottom  of  which  is  liquid  lava.  Kilauea  is  another 
great  crater  on  the  side  of  the  same  mountain,  but  sixteen  miles  distant 
from  Mauna  Loa.  The  crater  is  several  hundred  feet  deep  and  nearly 
three  miles  across.  In  the  centre  of  this  huge  pit  is  a  seething,  fiery, 
liquid  lake  of  lava.    The  molten  rock  heaves  and  bubbles  with  the  fluidity 
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of  molten  iron,  dashing  in  waves  against  the  solidified  walls  of  lava,  or 
throwing  up  on  its  surface  cones  and  fountains  of  lava.  At  intervals  of  a 
few  years  the  fiery  liquid  rises  up  to  the  brim  of  the  crater  and  overflows, 
or,  as  is  more  usual,  bursts  through  rents  in  the  side  of  the  mountain! 
The  two  craters  do  not  appear  to  have  any  connection,  though  situated  on 
the  same  mountain,  and  they  are  different  from  most  other  volcanoes 
in  only  discharging  lava,  which  is  of  a  very  glassy  kind,  and  in  their  dis- 
charges being  seldom  accompanied  by  any  great  explosions.  ^ 
But  most  of  the  volcanic  mountains  of  the  globe  are  built  up  partly  of 
fragmentary  materials  and  partly  of  lava  that  has  run  down  the  sides. 


Fig.  54. — Plan  and  Section  of  a  Composite  Volcanic  Cone. 
a,  tuff ;  b,  lava  ;  c,  ashes  and  scoriae. 


These  alternate  in  such  a  way  as  to  give  the  cone  a  stratified  appearance 
when  seen  in  section. 

Such  cones  are  called  composile  cones.  Here  are  two  views  of  such  a 
cone,  the  first  exhibiting  the  cone  as  seen  from  above,  and  the  second 
showing  it  in  vertical  section. 

But  even  this  view  of  a  composite  cone  is  not  quite  complete.  As  the 
molten  lava  is  being  forced  up  from  below,  some  of  it  is  injected  into 
cracks  and  fissures  in  the  cone,  and  at  times  one  of  these  fissures  opens  on 
the  flanks  of  the  cone,  and  a  small  lateral  cone  is  then  produced.  But 
much  of  the  lava  injected  into  these  fissures  solidifies  there,  and  forms  veins 
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or  walls  of  rock  known  as  dykes.  These  dykes  traverse  the  layers  of  ash, 
tuff,  and  lava  previously  sent  out.  Fig.  55  is  an  ideal  section  of  such  a 
dyke-traversed  composite  cone,  showing  also  lateral  parasitic  cones.  We 
may  therefore  say  that  three  kinds  of  materials  enter  into  the  structure  of 
most  volcanic  cones  : — (i)  loose  scoriae,  lapilli,  and  ash,  arranged  in  layers 
on  the  side  and  giving  it  a  stratified  appearance  ;  (2)  lava  streams  that 
have  been  sent  out  from  the  crater  or  from  fissures  in  the  sides,  and,  flowing 
down  the  cone,  have  become  interstratified  with  the  loose  materials ;  (3) 
dykes  or  masses  of  lava  filling  up  cracks  and  fissures  in  the  cone. 

164.  The  Crater  of  a  volcano  is  the  cup-shaped  depression  or  chasm 
found  at  the  summit  or  on  the  flanks  of  the  hill,  and  at  the  bottom  of 
which  is  situated  the  duct  or  pipe  that  communicates  with  the  heated 
interior.  It  has  usually  a  circular  form,  owing  to  the  expansion  in  all 
directions  of  the  explosive  vapours  that  rise  from  below.  Craters  vary  in 
size,  some  of  the  very  large  ones  being  more  than  a  mile  in  diameter  and 
more  than  a  thousand  feet  deep.  The  inner  walls  of  the  crater  frequently 
present  a  rough  and  rugged  appearance.  The  bottom  of  the  crater  when 
quiescent  is  a  rough  plain,  with  here  and  there  heaps  of  loose  material 


Fig.  5S.— Ideal  Section  01  Volcano  showing  Dyices  of  Lava  and  Lateral  Craters 
forming  Lateral  Cones. 

giving  off  steam  and  hot  vapours.  At  night  the  glowing  lava  may  be  seen 
through  fissures. 

165.  Errors  about  Volcanoes. —We  often  find,  especially  in  older 
books,  many  mistakes  in  the  definition  of  a  volcano.  For  example,  a 
volcano  is  often  described  as  '  a  burning  mountain  sending  out  fire  and 
smoke  from  its  summit.'  Now,  as  we  have  seen,  the  essential  part  is  the 
duct  or  pipe  communicating  with  the  heated  interior,  and  at  the  beginning 
there  is  often  no  mountain  at  all,  the  mountain  being  built  up  of  the 
materials  ejected.  The  fiery  glow  that  is  usually  seen  is  not  due  to  burning 
or  combustion,  for  this  and  the  supposed  flames  are  caused  by  the  reflection 
m  the  steam-cloud  of  the  red-hot  lava  in  the  crater  below.  What  is 
spoken  of  as  '  smoke '  is  only  the  condensing  water  vapour  sent  out  in 
great  globular  masses  from  the  heated  lava.  Real  steam  is  invisible,  but 
as  soon  as  it  comes  into  contact  with  the  colder  air  it  begins  to  condense 
into  minute  particles  of  '  water-dust. '  These  minute  particles  of  water- 
dust  form  what  is  usually  spoken  of  as  the  steam  column,  which  after 
attaining  a  great  height  is  still  further  condensed,  and  falls  in  drops  as 
ram.  _  Nor  does  the  volcanic  action  always  take  place  at  the  summit  of 
the  hill  where  one  has  been  formed,  as  eruptions  frequently  occur  through 
fissures  formed  in  the  sides. 
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For  more  correct  definitions  than  the  above  see  paragraph  157 

166.  Number,  Position,  and  Distribution  of  Volcanoes.— The  number 
of  active  volcanoes  now  found  on  the  surface  of  the  earth  is  a  little  over 
300.  If  we  include  those  extinct  volcanoes  which  still  possess  a  conical 
form  and  signs  of  a  crater  we  shall  probably  find  the  total  nearly  i  000 
One  of  the  first  things  to  notice  regarding  the  position  of  volcanoes  is  the 
fact  that  they  are  mostly  situated  near  the  sea,  on  islands,  or  on  the  borders 
of  continents.  The  only  exceptions  to  this  rule  are  five  or  six  volcanoes 
said  to  exist  in  Central  Asia,  in  the  Thian  Shan  Mountains  and  Manchooria 
and  two  or  three  in  Central  Africa.  ' 

Another  interesting  fact  regarding  their  position  is  that  they  are  found 
in  all  regions  of  the  globe,  from  Iceland  and  the  Aleutian  Islands,  through 
the  tropics  to  the  Antarctic  continent,  though  they  are  more  numerous  in 
the  torrid  than  in  any  other  zone.  They  seem  to  follow  certain  lines,  as  will 
be  seen  on  reference  to  the  map.  Over  200  of  the  active  volcanoes,  too,  are 
found  on  the  coast-lands  or  islands  of  the  Indian  and  of  the  Pacific  Oceans. 
On  the  east  side  of  the  Pacific  we  can  trace  a  line  of  volcanoes  through 
the  lofty  chain  of  the  Andes,  then  through  Central  America  and  along  the 
west  coast  of  North  America.  The  volcano  of  Jorullo,  on  the  coast  of  the 
Mexican  table-land,  is  noteworthy  from  the  fact  that  it  was  entirely  built 
up  to  a  height  of  over  1,300  feet  in  a  single  eruption  in  1759.  This  line 
then  crosses  over  from  North  America  by  the  Aleutian  Isles  to  Kamtschatka 
on  the  western  side.  In  Kamtschatka  there  are  12  active  volcanoes,  in 
the  Kurile  Islands  10,  and  in  the  Japanese  islands  over  20.  From  Japan 
the  line  of  volcanoes  passes  through  Formosa  and  the  Philippine  Islands  to 
the  Malay  Archipelago.  In  this  great  group  of  islands  volcanic  activity 
seems  at  its  height.  In  Java  there  are  about  40  volcanoes,  and  in  Luzon 
and  the  Philippines  21.  In  the  Malay  Archipelago  the  volcanic  line 
bifurcates.  One  branch  goes  westward  through  Java  and  Sumatra,  along 
the  eastern  side  of  the  Bay  of  Bengal ;  another  branch  turns  to  the  south- 
east through  Celebes,  New  Guinea,  the  Solomon  Islands,  and  the  New 
Hebrides.  A  continuation  of  this  line  passes  into  New  Zealand,  and  to 
Mount  Erebus  and  Mount  Terror  in  the  Antarctic  continent.  Another 
great  volcanic  line  may  be  traced  down  the  eastern  side  of  the  Atlantic, 
from  Jan  Mayen  and  Iceland  through  the  extinct  volcanoes  of  the  Faroe 
Islands  and  those  of  the  west  of  Scotland  to  the  Azores,  Canaries,  Cape 
Verde,  and  other  volcanic  islands  lying  off  the  coast  of  Africa.  This  line 
appears  to  be  connected  with  a  great  submarine  ridge  that  runs  down  the 
middle  of  the  Atlantic.  One  branch  from  this  passes  into  the  West  Indies, 
where  there  are  six  active  volcanoes,  while  another  branch  passes  into  the 
Mediterranean.  Vesuvius  is  the  only  active  volcano  on  the  mainland  of 
Europe,  but  on  the  islands  of  the  Mediterranean  there  are  four  or  five — viz. 
Stromboli  and  Vulcano  in  the  Lipari  Islands,  Etna  in  Sicily,  Santorin  and 
Nisyros  in  the  Grecian  Archipelago.  It  is  believed  that  this  linear  arrange- 
ment of  volcanoes  is  owing  to  the  fact  that  they  occur  on  lines  of  fissures 
in  the  earth's  crust.  The  great  volcanic  bands  just  described  run  verj' 
near  to  the  lines  of  great  mountain  chains,  and  probably  owe  their  positions 
to  the  great  lines  of  fissures  on  the  globe.  Even  in  a  smaller  group,  as  on 
the  island  of  Vulcano,  the  craters  often  show  this  linear  arrangement, 
although  there  are  some  cases  where  the  vents  do  not  follow  the  line  of 
fracture  in  the  earth's  crust. 

167.  Solfataras,  Mud  Volcanoes,  &c. — After  the  energy  of  a  volcano  has 
declined,  it  sometimes  passes  into  what  is  called  the  So/fatara  slage.  A 
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SfsenTfo?rf °'  fissures  from  which  various  kinds  of  vapours 
are  sei^t  forth.  These  vapours  contain  sulphur,  chloride  of  sodium  alkaline 
sulpha  es  and  other  substances,  and  these  are  often  deposed  o^' ?he  im 

-^'^  "^^"^^  ^"  Tuscany  are  kno^n  L 

and  the  issuing  vapours  contain  boracic  acid.  Frln^7e^ Z 
fissures,  often  on  the  surface  of  a  lava-flow,  from  which  steam  and  other 
gases  are  ejected.  Mud  volcanoes  or  Salses  are  vents  from  which  mud  and 
iTo  T  fJf.^f'^^-  The  mud  usually  forms  in  a  conical  mound  arrnd  tSl 
orifice  bu  this  se  dom  rises  above  twenty  or  thirty  feet.  There  are  eroum 
of  mud  volcanoes  in  Trinidad  and  in  the  neighbourhood  of  the  CaucS 
Mountains,  the  discharges  from  which  contain  naphtha  or  petroleur 

1 68.  Earthquakes.— Earthquakes  are  vibrations,  or  forward 
and  backward  motions  of  the  ground,  caused  by  a  wave  of 
elastic  compression  passing  through  the  crust  of  the  earth 
That  the  movement  is  of  the  nature  of  a  wave  is  evident  from 
the  fact  that  it  is  not  felt  at  the  same  time  and  with  the  same 
force  over  the  whole  of  the  district  affected.    It  appears  to 
start  from  a  centre  and  spread  out  with  diminishing  intensity 
m  all  directions,  and  consists  of  several  successive  movements 
ending  very  gradually.    Further,  trees,  steeples,  and  other  tall 
objects  have  been  noticed  to  sway  backwards  and  forwards  like 
the  mast  or  funnel  of  a  ship  rocking  on  the  sea.    Besides  this 
wave-like  motion  there  is  usually  a  vertical  uplifting  movement, 
and  rumbhng  noises  are  heard  both  from  the  ground  and  in 
the  atmosphere.    The  study  of  earthquakes  is  called  Seismo- 
logy (Gr.  seis7nos,  an  earthquake ;  and  logos,  a  discourse),  and 
the  instruments  used  in  the  study  are  known  as  seismographs 
and  seismometers. 

169.  Number  and  Distribution  of  Earthquakes.— Earthquakes  are  of 
much  more  frequent  occurrence  than  is  usually  supposed.  Probably  one 
occurs  at  least  every  week  in  some  part  of  the  world,  but  most  of  them  are 
only  slight  shocks.  The  most  violent  earthquakes  take  place  in  volcanic 
regions,  though  some  districts  that  suffer  from  these  movements  are  free 
from  volcanoes  (see  map).  Still,  it  is  certain  that  the  two  phenomena  are 
connected,  for  the  most  violent  earthquakes  occur  in  the  neighbourhood  of 
volcanoes,  and  earthquake  shocks  often  precede  and  accompany  volcanic 
activity.  It  has  also  been  noticed  that  a  series  of  earthquakes  in  one  dis- 
trict has  stopped  on  the  outbreak  of  a  volcano  in  an  adjoining  district.  The 
great  earthquake  region  of  the  Old  World  is  a  district  stretching  from  the 
Azores,  along  the  northern  shores  and  the  islands  of  the  Mediterranean, 
through  Asia  Minor  to  the  Thian  Shan  Mountains.  In  the  New  World 
the  western  shores  of  South  America  are  frequently  visited  by  intense 
shocks.  Among  the  Andes  of  Chili  a  shock  of  some  kind  is  said  to  occur 
every  few  days.  The  Japanese  islands  are  also  frequently  visited  by  earth- 
quakes, and  special  attention  is  given  to  these  phenomena  at  the  Imperial 
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Fig, 


56.— Diagram  to  illustrate  Propagation  of  Earthquake- 
wave,  and  the  Mode  of  Calculating  the  Depth. 


College  of  Tokia.  The  earthquakes  occurring  in  Britain  are  always  slight. 
Nearly  one-third  of  those  known  have  taken  place  in  the  county  ot  1  erth. 
On  April  22,  1884,  an  earthquake  occurred  in  the  neighbourhood  of 
Colchester  which  damaged  some  of  the  buildings. 

170.  Causes  of  Earthquakes.— It  is  not  easy  to  assign 
earthquake  action.  Some  of  the  slight  tremors  have 
variations  of  atmo- 
spheric pressure  and 
with  the  attraction  of 
the  sun  and  moon, 
but  it  is  plain  that  the 
more  violent  shocks 
arise  from  causes  in 
the  interior  of  the 
earth.  Some  of  them 
may  be  consequences 
of  the  contraction  of 

the  earth's  crust  on  ,  , 

cooling,  by  which  great  thicknesses  of  strata  are  broken  and  displaced  ; 
others  may  arise  from  the  sudden  generation  and  expansion  of  steam  ; 
while  others  may  be  the  result  of  the  falling  in  of  immense  cavities  in  the 
earth's  crust.  By  observing  the  position  of  the  place  where  the  shock  is 
vertical,  and  by  ascertaining  the  angle  at  which  the  earth-wave  reached 
the  surface  at  other  places,  it  has  been  found  possible  to  determine  the 
position  of  the  place  in  the  earth's  crust  where  the  shock  originated.  It 
is  interesting  to  know  that  the  depth  of  the  point  of  origin  is  believed  to 
be  in  all  cases  less  than  thirty  miles. 

171.  Effects  of  Earthquakes.— We  are  very  prone  to  imagine  that 
earthquakes  are  among  the  mightiest  forces  affecting  the  surface  of  our  earth. 
This  is  a  mistake,  for,  although  they  often  produce  great  destruction  of  life 
and  great  devastation  among  buildings,  their  permanent  effects  are  often  very 
slight.  Yet  at  times  large  masses  of  rock  and  earth  are  displaced,  changes 
of  level  are  produced,  and  fissures  formed  in  the  surface  of  the  ground.  The 
coasts  of  Chili  and  New  Zealand  have  several  times  been  raised  by  earth- 
quakes. At  Cutch,  on  the  delta  of  the  Indus,  an  earthquake  in  1819 
produced  a  depression  in  one  part  and  an  elevation  in  another.  The 
greatest  effect  is  produced  when  the  origin  of  the  shock  is  beneath  the  bed 
of  the  sea.  The  earth-wave  produced  in  the  soUd  land  causes  huge  sea- 
waves  to  form,  and  the  distance  to  which  these  sea-waves  extend  is  often 
very  great.  The  sea- wave  of  the  Iquique  earthquake  in  1877  was  felt  in 
all  parts  of  the  Pacific  Ocean,  from  New  Zealand  in  the  south  to  the  shores 
of  Japan  in  the  north.  Much  of  the  destruction  produced  at  the  great 
Lisbon  earthquake  in  1755  was  owing  to  great  sea-waves  thirty  to  sixty  feet 
high  coming  into  the  Tagus  about  an  hour  after  the  buildings  of  the  town 
had  been  overthrown  by  the  shaking  of  the  ground.  This  earthquake  was 
felt  over  the  greater  part  of  Europe,  and  even  in  North  Africa.  At  first 
the  water  of  the  sea  is  usually  seen  to  withdraw  a  considerable  distance,  and 
then  a  mighty  inrush  of  large  waves  follows.  The  inhabitants  of  the 
western  coast  of  South  America  know  so  well  what  this  drawing  back  of  the 
water  means,  that  they  take  it  as  a  warning,  and  often  save  their  lives  by 
escaping  to  the  hills.  In  1724  Lima  was  destroyed  by  an  earthquake,  and 
on  the  evening  of  the  same  day  a  mighty  sea-wave  eighty  feet  in  height 
came  over  Callao.    In  August  1878  a  great  part  of  Peru  and  Ecuador  was 
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devastated  by  an  earthquake,  and  a  great  sea-wave  overwhelmed  Arica 
every  vessel  in  the  harbour  being  either  wrecked  or  carried  far  inland! 
Ihe  rate  at  which  the  great  sea-waves  caused  -by  earthquakes  travel  has 
been  used  as  a  means  of  calculating  the  average  depth  of  the  ocean  in 
which  they  occur. 

172.  Slow  Movements  of  Elevation  and  Subsidence.— Be. 

sides  the  sudden  changes  of  level  produced  by  volcanic  erup- 
tions and  earthquakes,  there  is  a  certain  slow  and  quiet  rise  or 
sinking  of  the  land  over  certain  areas  of  the  globe  which  takes 


Fig.  57- -S,  Present  Sea-level  at  high  tide.    i.  Present  Sea-beach. 
2.  Old  Sea-beach.    3.  Old  Sea-cave. 


place  quite  gradually  and  imperceptibly.  These  slow  changes 
sometimes  occur  in  volcanic  districts,  but  they  are  also  found 
in  parts  of  the  world  where  no  volcanic  or  earthquake  activity 
is  known  to  have  occurred. 


173.  Signs  and  Proofs  of  Elevation.— When  land  has  been  raised 
above  the  sea  level,  it  generally  brings  with  it  some  evidence  of  having 
been  once  under  water.  On  the  south  and  west  shores  of  the  island  of 
Crete  or  Candia  are  seen  the  remains  of  docks  and  piers  belonging  to  old 
Greek  ports  at  an  elevation  of  sixteen  feet  above  the  present  sea  level. 
On  the  Scandinavian  peninsula  in  the  Gulf  of  Bothnia  marks  were  cut  on 
the  rocks  by  pilots  in  1820,  and  these  showed  a  rise  of  about  four  inches 
on  being  examined  by  Sir  Charles  Lyell  in  1 834.  This  shows  an  upward 
movement  at  the  rate  of  about  two  and  a  half  feet  a  century.  But  while 
the  north  of  Scandinavia  is  slowly  rising,  the  southern  part  is  slowly  sub- 
siding. The  evidence  mentioned  above  refers  only  to  liistoric  times  ;  but 
the  existence  of  marine  shells  and  raised  beaches  shows  that  these  upward 
movements  have  been  going  on  for  vast  ages.  Parts  of  Tuscany  and  Sardinia 
have  beds  of  shells  at  a  height  of  2<X)  feet  above  the  sea  ;  while  the 
harbours  of  Tunis  are  becoming  too  shallow  for  the  approach  of  ships. 
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JttTie?shore  w£rf  n'^'  '-"^  satisfactory  evidence  of  uj,heaval.  On 
Sle^  formp7tv  f- /^.u^'  °^  '■"^'^y  "•^"■^  ^  '^'^^'^li  of  sand  and 

mt  of  therS      7*^  7^^"^'  ^"^  ^^^'^^       of'^"  hollowed 

UP  Svond  .hi'  3  ''''  ^"''^  ^'^'^  '^'^^^'^       the  cliff  are  lifted 

Tevol^  TV  ?^  the  waves,  and  a  new  beach  is  fofnied  at  a  lower 

eve  '    si^h  n ^  '"'f  f '  ""v,'^  ^  '^'"^  '^^^^^^  at  a  still  lower 

ievel.  bu.h  a  series  of  raised  beaches  occurs  in  several  of  the  Norweeian 
fiords  on  some  parts  of  the  South  American  coast,  and  in  other  couTS 

Raised  beaches  are  also  found  on  the  southern  and  western  shores  of^ 
England  and  on  some  parts  of  the  Scottish  coasts.    In  somrcase^^the  oM 
sea-caves,  as  on  the  coast  of  Kintyre,  form  a  range  of  nTural   ock  hewn 
compartments  at  a  level  of  ten  to  thirty  feet  above  the  present  tidal  limiTs 
sea  aS'   ^^'^      """'^  ^^^^^^^^^  of -Snl 

sea  \lt\  fi!?  ^T^^  Subsidence.-When  land  has  sunk  below  the 
sea  level  the  surface  disappears  from  view,  and  the  proofs  are  not  so  plain 
a  in  the  case  of  elevation.  But  there  is  the  evidence  derived  from  the 
disappearance  of  human  erections,  from  the  existence  of  submerged  forests 
and  according  to  Mr  Darwin  from  coral  islands.  It  has  beeSted  thS 
the  south  and  west  shores  of  the  island  of  Crete  are  rising,  but  the  exist 
ence  of  remains  of  old  Greek  towns  beneath  the  surface  of  the  wateJ  on 
the  eastern  shore  shows  that  this  part  of  the  island  is  sinking.  In  the 
southern  nart  of  Sweden  the  remains  of  houses,  which  were  built  of  course 
above  high-water  level,  are  now  buried  beneath  the  watS  The  west  ?oS 
of  Greenland  furnishes  similar  evidences  of  slow  sinking.  sEerS 
foiests  are  found  in  some  places  where  the  land  has  slowf;  settled  under 
favourable  circumstances.  These  consist  of  stumps  of  trees  stU  upricht  in 
the  soil,  often  with  beds  of  peaty  matter,  full  of  decaying  roots  branches 

Cornwa7;nd  "1^  '"'""^^^  ''''''''  ^  the'cofsts  of  Devon  a^^^^ 

Cornwall,  and  a  large  one  exists  near  Hunstanton  on  the  Norfolk  coast. 


CHAPTER  VIII. 
THE  SEA. 

175.  The  entire  surface  of  the  globe  is  estimated  at 
197,000,000  of  square  miles,  and  of  this  a  little  more  than  one 
quarter,  5  2,000,000,  is  occupied  by  land ;  and  nearly  three-fourths, 
145,000,000,  is  covered  by  water.    The  land  consists  mainly  of 
two  great  masses  known  as  the  Old  World  and  the  New  World, 
and  it  is  evident  from  looking  at  a  terrestrial  globe  that  the 
great  mass  of  this  land  is  situated  in  the  Northern  Hemisphere, 
there  being  about  three  times  as  much  land  to  the  north  of  the 
equator  as  there  is  to  the  south  of  it.    Though  the  waters  of  the 
ocean  surround  the  land  on  every  side,  yet  they  are  broken  up 
into  certain  areas  by  the  arrangement  of  the  land  portions,  and 
to  these  various  parts  we  give  particular  names. 
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( I )  The  Atlantic  Ocean,  lying  between  the  western  shores  of  Europe 
and  Africa  and  the  east  coast  of  America. 


Fig.  58.— Northern  and  Southern  Hemispheres. 


(2)  The  Pacific  Ocean,  lying  between  the  west  coast  of  America  and 
the  east  coast  of  Asia. 

(3)  The  Indian  Ocean,  lying  between  the  south  of  Asia  and  the 
Antarctic  circle. 

(4)  The  Arctic  Ocean,  lying  within  the  Arctic  circle. 

(5)  The  Antarctic  Ocean,  lying  within  the  Antarctic  circle. 

We  know  that  our  earth  is  a  globe  or  sphere  in  shape.  If  we  imagine 
it  cut  into  halves  by  a  plane  passing  through  the  two  poles  and  the 


Fig.  59. — Land  and  Water  Hemispheres. 


middle  of  the  Atlantic  on  one  side,  and  through  the  Pacific  Ocean  on  the 
other,  we  call  that  half  which  lies  to  the  west  of  England  the  Western 
Hemisphere,  and  the  half  that  lies  mainly  to  the  east  of  where  we  live  the 
Eastern  Hemisphere.    These  two  hemispheres  may  be  seen  in  any  atlas. 

But  we  may  also  suppose  the  globe  to  be  divided  into  halves  by  a 
plane  passing  through  the  equator,  and  we  should  then  get  a  Northern  and 
Southern  Hemisphere,  a  figure  of  which  shows  plainly  the  arrangement  of 
land  already  referred  to. 

H 
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Again,  the  world  may  be  supposed  to  be  divided  into  halves  by  a  plane 
perpendicular  to  a  plane  passing  through  the  meridian  of  Greenwich,  so  that 
London  is  the  centre  of  one  hemisphere,  and  a  point  (Antipodes  Island)  in 
the  ocean  near  New  Zealand  the  centre  of  the  other  hemisphere.  This 
shows  us  what  maybe  called  the  Land  and  Water  Hemispheres,  as  the  one 
IS  mainly  made  up  of  land  and  the  other  mainly  of  water, 

176.  Composition  of  Sea  Water.— The  water  of  the  ocean 
fs  not  pure  water,  but  contains  dissolved  in  it  various  chemicai 
substances  known  as  salts.  These  salts  amount  in  all  to  a  little 
over  grains  in  100  grains  of  water  ;  or,  in  other  words,  3^  per 
cent,  of  sea  water  by  weight  consists  of  dissolved  salts  :  chloride 
of  sodium  or  common  salt  is  the  chief,  forming  27  of  the  whole 
3^  per  cent,  of  saline  ingredients. 

The  following  table  exhibits  the  exact  per-centage  composition  of  sea  water. 
One  hundred  parts  by  weight  of  sea  water  contain — 
.  Water  .... 
Sodium  chloride  . 


Magnesium  chloride 
Potassium  chloride 
Magnesium  sulphate 
Calcium  sulphate . 
Calcium  carbonate 
Magnesium  bromide 
Traces  of  iodides,  silica,  &c.,  estimated 


96-470 
2700 
•360 
•070 
•230 
•140 
•003 
•002 

•025 
100 -ooo 


Though  the  average  proportion  of  salts  is,  as  already  stated,  about 
three  and  a  half  parts  in  every  hundred  parts  of  water,  yet  there  are  slight 
variations. 

In  those  seas  which  receive  a  large  quantity  of  fresh  water,  and  where 
there  is  little  evaporation,  as  in  the  Baltic,  the  per-centage  of  dissolved 
matter  is  lessened  ;  while  in  such  seas  as  the  Mediterranean,  where  evapo- 
ration is  greater  than  the  supply,  the  per-centage  is  increased.  The  highest 
per-centage  found  in  the  '  Challenger  '  expedition  was  3737  in  water  taken 
from  the  middle  of  the  North  Atlantic.  The  Red  Sea,  however,  contains 
the  saltest  water,  the  per-centage  of  dissolved  matter  being  4-3.  This  is 
owing  to  the  great  evaporation  always  going  on,  and  because  no  fresh 
water  is  poured  into  it,  the  supply  of  water  being  kept  up  by  a  current 
through  the  Straits  of  Babelmandeb.  The  presence  of  these  dissolved  sub- 
stances is  evident  to  the  taste,  for  sea  water  'is  both  salt  and  bitter.  But 
the  salts  can  be  readily  seen  if  a  small  portion  of  sea  water  is  evaporated 
(see  fig.  3).  A  number  of  crystals  is  then  found  in  the  basin,  and  on  refer- 
ence to  the  table  of  the  composition  of  sea  water  it  will  be  seen  that  com- 
mon salt  (NaCl)  forms  by  far  the  largest  portion  of  these  soluble  materials. 
Each  of  the  substances  has  its  own  crystalline  form,  but  the  cubical  crystals 
of  common  salt  are  the  most  abundant.  In  the  south  of  Europe  and 
other  warm  districts  sea  water  is  allowed  to  run  into  shallow  beds,  which 
are  then  shut  off  from  the  sea.  As  the  water  evaporates,  a  crust  of  salt 
forms  on  the  margin,  which  is  afterwards  taken  out. 
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177.  How  the  Sea  became  Salt.— It  is  probable  that  the  waters  of  the 
sea  have  been  salt  from  the  time  that  the  earth  became  cool  enough  to 
allow  the  vapours  of  the  atmosphere  to  condense  and  collect  in  the  hollows 
of  the  surface.  No  doubt  this  original  atmosphere  had  in  it  many  saline 
vapours,  and  ever  since  this  period  the  rivers  and  streams  that  flow  from 
the  land  have  carried  in  solution  to  the  sea  the  various  substances  now 
found  dissolved  in  it.  As  the  water  that  evaporates  from  the  sea  is_  pure, 
the  dissolved  mineral  matter  being  left  behind,  and  as  this  water  again  falls 
on  the  land  as  rain,  snow,  &c.,  percolating  through  the  rocks  and  dis- 
solving such  mineral  matter  as  is  soluble,  it  may  be  supposed  that  the  salt- 
ness  of  the  sea  increases.  There  may  be  a  very  slight  increase,  but  it 
must  be  remembered  that  there  is  a  constant  loss  of  this  mineral  matter 
in  two  ways.  Some  of  it  is  carried  back  on  to  the  surface  of  the  land 
during  storms  and  high  winds,  immense  quantities  of  spray  being  often 
blown  inland  and  carrying  with  it  the  dissolved  salt.  Another  check  to 
the  increase  of  the  saltness  of  the  ocean  is  the  requirements  of  the  animals 
and  vegetables  that  have  their  abode  in  it.  The  carbonate  of  lime  (CaCOj), 
and  the  calcium  sulphate  (CaS04),  carried  down  in  solution  by  rivers  is  the 
material  out  of  which  the  hard  parts  of  shell-fish,  corals,  foraminifera,  &c., 
are  built  up.  After  their  death  these  hard  parts  accumulate,  and  form  the 
beds  of  limestone  and  chalk  of  which  we  have  previously  spoken.  Silica 
(SiOj),  though  existing  in  but  minute  quantity,  9  parts  in  100,000  of  water, 
is  secreted  by  certain  minute  marine  plants  called  diatoms,  and  minute 
animal  forms  called  Radiolaria.'^  It  may  also  be  mentioned  that  sea  water 
contains  a  certain  amount  of  gases  in  solution,  chiefly  air  and  carbonic  acid. 
The  oxygen  of  this  air  is  required  by  the  animals  that  live  in  the  ocean,  and 
is  constantly  being  renewed  in  the  wind -tossed  waves. 

178.  Density  or  Specific  Gravity  of  Sea  Water,— Compared  with  pure 
water,  sea  water  is  found  to  be  slightly  heavier  ;  its  77iean  density  being 
I  -0275,  that  of  pure  water  being  i.  The  Salter  the  water  is,  the  greater  its 
specific  gravity.  Fresh  water,  being  specifically  lighter,  floats  on  the  sur- 
face for  a  time,  but  gradually  becomes  mixed  with  the  heavier  water  beneath. 
It  is  owing  to  this  that  after  a  heavy  rain,  or  at  some  distance  from  the  mouth 
of  a  large  river,  fresh  water  may  often  be  taken  from  the  surface.  As  water  is 
nearly  incompressible,  the  density  at  various  depths  shows  but  very  slight  in- 
crease, though  the  pressure  increases  enormously.  At  a  depth  of  1,000 
fathoms  there  is  a  pressure  of  about  one  ton  to  the  square  inch.  Since  the 
density  depends  chiefly  on  the  amount  of  salts  in  solution,  it  is  found  that 
the  specific  gravity  of  the  open  ocean  is  greatest  where  the  saltness  is  great- 
est. This  occurs  where  there  is  great  evaporation,  and  where  we  have 
winds  constantly  blowing  over  the  surface,  viz.  in  the  trade-wind  regions  of 
the  North  and  South  Atlantic.  As  a  rule  the  density  diminishes  from  the 
surface  to  about  1,000  fathoms,  and  then  increases  again  to  the  bottom. 
Near  the  coast  where  rivers  enter  the  sea,  and  towards  the  poles  where 
much  rain  falls,  and  ice  and  snow  are  continually  melting,  the  specific 
gravity  diminishes. 

1 7  9.  Instruments  of  Research.— Z'^/Mj  of  the  ^^tz.— Within 
the  last  few  years  much  information  has  been  gathered  re- 
garding the  depth,  temperature,  and  Hving  forms  of  the  ocean 

^  It  is  probable  that  some  of  the  silica  is  derived  by  these  organisms 
from  the  fine  clayey  particles  in  suspension  in  sea  water  (see  par.  187). 
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The  English,  American,  Norwegian,  and  other  Governments 
have  sent  out  expeditions  to  explore  the  deep  seas.  The  most 
important  of  these  was  the  'Challenger'  expedition.  The 
'  Challenger '  was  an  English  screw  corvette  which  steamed 
away  from  Sheerness  on  December  7,  1872,  and  for  three  years 
and  a  half  investigated  the  waters  of  the  globe.  During  the 
first  two  years  of  the  cruise  Sir  George  Nares  was  in  command 
of  the  ship,  and  he  was  succeeded  at  the  end  of  that  time  by 
Captain  Frank  Thomson.  During  the  whole  time  the  scientific 
work  was  under  the  direction  of  Sir  Wyville  Thomson,  assisted 
by  Mr.  John  Murray  and  other  men  of  science.  We  will  now 
give  a  brief  account  of  the  methods  followed  on  board  such  an 
exploring  ship. 

The  depth  of  the  ocean  is  found  by  the  method  of  sounding.  The 
ordinary  method  of  sounding  is  to  let  down  a  weight  with  a  line  attached. 
This  answers  well  enough  in  shallow  water,  but  fails  at  great  depths, 
because  when  the  weight  strikes  the  bottom  cannot  be  learnt,  as  the  line 
still  continues  to  run  out.  After  many  experiments  it  was  found  that  if  a 
very  heavy  weight  were  attached,  the  sudden  change  in  the  rate  indicated 
when  -the  bottom  was  _  reached.  But  such  a  heavy  weight  could  not  be 
drawn  up  again,  and  Lieutenant  Brooke  contrived  a  simple  means  by  which 
the  weight  or  sinker  should  be  detached  on  striking  the  bottom.  This 
method  has  been  still  further  improved  upon,  and  the  mode  of  sounding 
adopted  by  the  '  Challenger  '  was  as  follows. 

A  block  and  pulley  with  '  accumulators '  is  fastened  at  the  end  of  the 
ship's  fore  yard.  These  '  accumulators '  are  bands  of  india-rubber  attached 
between  two  discs  of  wood  for  the  purpose  of  breaking  the  strain  on  the 
sounding  line.  At  the  bottom  of  the  accumulators  another  block  is  hooked 
with  the  sounding  line  rove  through.  To  the  end  of  the  sounding  line  is  at- 
tached the  sounding  rod  or  tube.  The  sounding  line  is  marked  at  every  25 
fathoms, '  and  lengths  of  3,000  fathoms  are  kept  on  each  reel.  The  sound- 
ing rod  consists  of  a  long  cylinder  of  brass  tubing  about  two  inches  in  dia- 
meter, and  fitted  with  a  pair  of  butterfly  valves  at  the  lower  end,  opening 
inwards.  The  water  that  enters  the  lower  end  of  the  tube,  while  it  is  sink- 
ing, passes  out  through  holes  in  the  upper  part.  Round  this  tube  sinkers 
of  iron,  each  56  lbs.  in  weight,  are  attached,  i  cwt.  being  usually  allowed 
for  each  thousand  fathoms.  These  sinkers  are  so  fastened  to  the  tube 
about  18  inches  from  its  lower  end  that  they  are  detached  on  reaching  the 
bottom,  and  left  there.  Owing  to  the  enormous  pressure  at  great  depths, 
it  would  be  impossible  to  draw  them  up.  It  is  known  when  they  have  reached 
the  bottom  and  fallen  off  by  the  sudden  change  in  the  rate  at  which  the 
line  has  been  running  out.  On  striking  the  bottom  the  sounding  tube  is 
forced  into  the  mud,  and  the  valve  prevents  the  materials  thus  obtained 
from  falling  out.    In  this  way  not  only  is  the  depth  at  a  particular  place 


'  I  fathom  =6  feet;  and  880  fathoms,  or  1,760  yards,  or  5,280  feet  = 
I  mile. 
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obtained,  but  specimens  of  the  ocean  floor  are  brought  up.  In  Globigerina 
ooze  the  tube  sinks  eight  or  nine  inches,  and  in  clay  about  two  feet. 

Figs.  60  and  61  give  a  view  of  two  of  the  sounding  rods  used  during  the 
voyage  of  the  '  Challenger, '  with  four  weights  or  sinkers  in  position  round  the 
tube.  These  sinkers  are  cylindrical  pieces  of  iron  with  a  hole  through  the 
centre,  through  which  the  sounding  tubes  pass.  They  rest  on  an  iron  disc  or 
washer,  which  is  held  in  position  by  a  wire  fastened  to  an  arrangement  at 
the  upper  end  of  the  rod,  so  that  on  reaching 
the  bottom  the  wire  is  set  free,  and  the  sinkers 
slide  off. 

But  there  are  also  other  instruments  at- 
tached to  the  sounding  line  when  it  is  sent 
down.  These  are  a  specially  constructed  and 
protected  self-registering  thermometer  to  mea- 
sure the  temperature,  a  pressure  gauge  to 
register  the  pressure  of  the  superincumbent 
column  of  water,  and  a  water-bottle  to  bring 
up  a  specimen  of  water  from  the  depth  reached. 
The  thermometer  used  in  deep-sea  sounding 
has  to  be  specially  constructed  to  resist  the 
enormous  pressure  to  which  it  is  subjected. 
Hence  the  bulb  which  contains  the  mercury, 
or  other  fluid  by  whose  expansion  and  con- 
traction the  temperature  is  measured,  is  en- 
closed in  a  strong  glass  case,  so  that  its  indi- 
cations are  not  affected  by  the  external  pres- 
sure. Thermometers  are  sent  down  to  different 
depths,  and  the  temperature  ascertained  both 
at  the  surface  and  at  various  levels.  The 
water-bottle  is  really  a  metal  cylinder  having 
a  stopcock  at  each  end  connected  by  a  rod, 
and  so  constructed  that  the  water  flows  freely 
through  it  while  descending,  but  when  an 
upward  movement  begins  the  rod  shuts  the 
stopcocks  and  encloses  a  specimen  of  the 
water.  On  leaving  the  ship  the  sounding  line 
with  the  instruments  attached  may  be  repre- 
sented by  the  diagram  (fig.  62,  p.  102),  though 
it  should  be  noted  that,  through  fear  of  damage 
from  the  motion  of  the  ship,  the  sounding  rods 
and  sinkers  were  lowered  into  the  water  before 
the  water-bottle  and  other  instruments  were 
attached.  At  first  the  line  is  let  out  slowly, 
but  on  reaching  about  400  fathoms  it  is  allowed 
to  run  c^t  freely,  the  ship  being  kept  over  the  place  where  the  sinkers 
entered  the  water.  The  interval  of  time  between  the  marking  of  every 
100  fathoms  is  noted.  These  intervals  gradually  increase,  owing  to  the 
sinkers  being  retarded  in  their  descent  by  the  friction  of  the  increasing 
amount  of  line  passing  through  the  water.  But  the  intervals  are  suffi- 
ciently regular  to  show  that  any  sudden  lengthening  of  the  time  in- 
dicates that  the  bottom  has  been  reached.  The  bottom  having  been 
reached,  the  line  is  carefully  drawn  up  by  means  of  a  donkey  engine. 
When  the  thermometer,  water-bottle,  and  sounding  tube  have  reached  the 


Fig.  60. 
The  Hydra 
Sounding 
Rod. 


Fig.  61. 
Baillie's 
Sounding  Rod, 
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surface  they  are  taken  on  board  and  detached  from  the  line.  The  tempe- 
rature indicated  by  the  thermometer  is  read  off  and  entered  into  a  book  ; 
the  water  and  the  contents  of  the  sounding  tube  are  carefully  preserved' 
for  examination. 

For  measurements  where  there  was  no  reason  to  expect  a  depth  of  over 
I,ooo  fathoms  the  ships  used  an  ordinary  deep-sea  lead,  fitted  at  its  base  so 
that  an  iron  cylinder  with  a  butterfly  valve  can  be  screwed  on.  The  whole 
can  be  drawn  up  from  such  a  depth. 


Drcdgiivg 
Deck  Engine  —\ 


Flc.  6-2. — Diagram  to  illustrate  method  of  sounding  on  board  H.M.S.  'Challenger.' 
A,  block  secured  to  fore  yard  ;  B,  accumulators  ;  C,  block  through  which  sounding  line 
passes ;  F,  pressure  gauge  and  thermometer.  E,  water-bottle ;  D,  soundii)g  rod  and 
sinkers. 

Dredging. — Besides  the  sounding  apparatus,  a  dredge  or  trawl  is  also 
used  to  obtain  specimens  of  the  creatures  living  at  various  depths,  or  on  the 
ocean's  floor.  During  the  latter  jDart  of  the  '  Challenger's '  voyage  a  trawl 
of  the  ordinary  shape  was  generally  used.  It  consisted  of  a  V-shaped  net, 
one  side  of  which  was  fastened  by  straps  to  a  stout  beam  of  oak,  while  the 
other  side  of  the  net  hung  loose. 

i8o.  Depth  and  Form  of  the  Ocean  Floor. — As  a  rule  the  sea  is  shal- 
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lowest  near  the  land,  though  in  a  few  cases  there  is  a  sudden  descent  to  a 
great  depth  at  a  very  short  distance  from  the  coast.  Lowlands  have  usually 
shallow  seas  near  the  coast,  and  highlands  deep  water.  Thus  the  seas 
around  the  British  Islands  are  all  comparatively  shallow.    The  greatest 


Fig.  63.— Sea-bed  around  Britain.  The  darkest  shading  indicates  land  above 
600  feet  high ;  the  next  shading  shows  the  present  outline  of  the  land ;  the 
lightest  shading  indicates  the  sea  floor  at  depths  of  100  fathoms  and  less,  and 
shows  what  would  become  land  were  the  bed  elevated  this  height. 


depth  in  the  German  Ocean  is  about  100  fathoms,  and  in  some  parts,  as 
the  Dogger  Bank  off  the  northern  coast  of  England,  there  are  very  shallow 
sand-banks ;  in  the  Irish  Sea  the  depth  is  40  fathoms,  and  at  Dover  Straits 
the  depth  is  less  than  30  fathoms.  For  about  100  miles,  too,  off  the  west 
coast  of  Ireland  and  Scotland  the  sea  is  comparatively  shallow,  and  the 
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Map  III.— Atlantic  Ocean,  showing  Depths. 


■'^'^  Elementary  Physiography 

slope  of  the  Atlantic  but  gentle.  The  British  Islands  are  thus  situated  on 
a  submerged  plateau,  and  in  all  probaljiiity  once  formed  part  of  the  Euro- 
pean continent,  separated  only  from  Norway  by  a  gulf  where  the  water  is 
now  300  fathoms  deep.  In  a  similar  way  New  Guinea  is  proved  to  hav° 
once  been  joined  to  Australia.  From  the  plateau  on  which  the  British 
Islands  are  situated  there  is  a  rather  rapid  descent  into  deep  water  to  a 
depth  of  about  12,000  feet.  This  stretches  as  a  deep  valley  for  hundred* 
of  miles  to  the  west,  and  ranges  north  and  south  almost  parallel  with  the 
face  of  the  Old  World.  A  similar  wide  and  deep  valley  is  found  to  run. 
parallel  to  the  American  coast,  while  between  these  two  deep  marine  valleys 
rises  a  ridge  which  runs  down  the  centre  of  the  Atlantic.  The  upper  sur- 
face of  this  central  ridge  is  only  about  10,000  feet  below  the  surface  but 
the  two  great  ocean  valleys  on  each  side  of  the  ridge  attain  a  depth  of 
18,000  feet.  The  accompanying  Map  III.,  p.  104,  from  Dr.  Haughton's 
'  Lectures  on  Phyncal  Geography,'  shows  the  form  of  the  bottom  of  the 
Atlantic  Ocean.  The  unshaded  portions  are  less  than  one  geographical  mile 
in  depth— under  6,000  feet.  The  shaded  portions  are  more  than  one  mile 
and  less  than  two  miles  in  depth,  between  6,000  and  12,000  feet.  The 
black  portions  are  more  than  12,000  feet  in  depth.    This  map  show's— 

'  [a)  How  closely  the  contour  lines  of  6,000  feet  and  12,000  feet  cling 
to  the  coasts  of  Africa  and  South  America. 

'  (li)  The  ieiaarkable  central  ridge  ("Dolphin,"  "Connecting,"  and 
"Challenger")  that  divides  ihe  Atlantic  into  deep  canals,  keeping  near 
Africa  and  South  America  respectively. 

'  [c)  The  islands  of  St.  Helena,  Trinidad,  and  Fernando  de  Noronha 
(especially  the  latter),  rising  abruptly  from  the  deepest  parts  of  the  sea 
bottom.' 

Another  mode  of  illustrating  the  depth  of  the  ocean  is  to  show  a  section 
between  two  coasts.  Fig.  64  is  such  a  section  between  the  coast  of  Africa 
and  the  coast  of  Central  America.  From  this  section  we  see  that  the  West 
Indian  islands  shut  off  the  deep  waters  of  the  Atlantic  from  the  shallower 
basins  of  the  Mexican  Gulf  and  Caribbean  Sea.  But  it  must  be  borne  in 
mind  that  in  such  a  section  the.  vertical  scale  is  a  great  many  times  more 
than  the  horizontal  scale.  To  guard  against  the  false  impression  that  may 
arise  if  this  is  not  remembered,  a  small  portion  of  this  section  which  in- 
cludes the  Cape  Verde  Islands  is  repeated  (fig.  65),  though  even  here  the 
vertical  is  ten  times  the  horizontal. 

On  reference  to  the  general  map  of  ocean  depths  (Map  IV.  p.  107),  which 
is  shaded  for  depths  different  from  those  taken  as  the  basis  of  shading  in 
the  Atlantic  Ocean  map,  it  will  be  seen  that  each  of  the  deep  valleys  of 
the  Atlantic  contains  still  deeper  abysses.  One  of  these  lies  to  the  north- 
east of  the  West  Indies  ;  and  here,  at  a  distance  of  about  100  miles  north  of 
the  island  of  St.  Thomas,  the  '  Challenger '  obtained  a  sounding  of  nearly 
4i  miles.  Since  then  the  '  Tuscarora,'  a  United  States  vessel,  obtained  ttie 
still  greater  depth  of  4,655  fathoms  in  the  North-AVest  Pacific. 

The  average  depth  of  the  Pacific  Ocean  has  been  estimated  at  between 
15,000  and  18,000  leet,  which  is  slightly  greater  than  that  of  the  Atlantic. 
The  deeper  portions  may  be  learnt  on  reference  to  the  map.  The  western 
portion  of  the  North  Pacific  in  particular  shows  some  very  deep  depressions. 
To  the  east  of  Japan  lies  a  long  deep  trough  which  in  one  part  has  furnished 
the  sounding  of  nearly  5^  miles.'  This  is  the  deepest  sounding  yet  obtained. 
Soi'tii  of  the  Ladrone  Islands,  in  the  Caroline  Archipelago,  there  is  also  a 
deep  abyss  where  the  '  Challenger  '  obtained  a  sounding  of  nearly  27,000 

'  This  abyss  is  often  called  the  Tuscarora  Deep. 
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feet.  A  submarine  ridge  connects  the  Friendly  Islands,  the  Fiji  Islands 
and  the  New  Hebrides.  ' 

In  each  ocean  the  greatest  depths  are  in  the  Northern  Hemisphere  and 
towards  the  western  border.  Towards  the  north  in  the  Northern  Hemi- 
sphere the  ocean  rapidly  becomes  shallow.  Between  Great  Britain  and 
Iceland  the  depth  is  mostly  under  6,000  feet,  and  in  Behring's  Straits  the 
depth  is  only  about  150  feet.  The  southern  portions,  however,  of  the  great 
oceans  are  mostly  of  average  depth. 

The  Indian  Ocean  has  an  average  depth  of  about  12,000  feet,  and  the, 
deepest  soundings  have  been  taken  on  the  eastern  side.  The  bed  of  the 
ocean  has  none  of  the  steep  ridges  and  jagged  outlines  of  mountain  scenery. 
There  are  great  ocean  plains  where  the  ground  is  level;  there  are  submarine 
peaks  having  steep  descents  ;  there  are  submarine  plateaux  often  connect- 
ing together  continents  and  islands  ;  there  are  enormous  valleys,  and  there 
are  deep  abysses  reaching  to  five  miles,  and  perhaps  beyond.  But  in  all 
cases  the  smoothing  and  rounding  influence  of  the  water  has  worn  away 
the  sharp  edges  so  often  seen  on  land,  and  has  given  to  the  steepest 
descents  a  roundness  of  curve  and  outline.  It  is  interesting  to  observe  that 
the  deepest  sounding,  about  l\  miles,  off  the  coast  of  Japan,  nearly  corre- 
sponds to  the  height  of  the  highest  mountain.  Mount  Everest  has  a  height 
of  29,000  feet  above  the  sea  level.  But  it  must  also  be  noted  that  the 
mean  height  of  the  land,  1,000  feet,  is  only  about  one-twelfth  the  mean 
depth  of  the  whole  ocean,  12,000  feet.  If  as  much  land  were  carried  into 
the  ocean  as  would  reduce  the  two  to  a  com.mon  level,  the  ocean  would 
still  have  a  depth  of  about  10,000  feet.  The  average  height  of  Europe, 
Asia,  Africa,  and  South  America  is  reckoned  to  be  about  1, 130  feet;  of  North 
America,  750  feet  ;  and  of  Australia,  500  feet. 

181.  Temperature  of  the  Ocean. —As  already  remarked,  much  infor- 
mation has  lately  been  gathered  respecting  the  temperature  '  of  the  sea  at 
various  depths  by  the  researches  made  during  the  voyage  of  the  '  Challenger' 
and  other  vessels  sent  out  for  scientific  exploration.  Thermometers  pro- 
tected from  the  outward  pressure  of  the  water  are  let  down  during  the  pro- 
cess of  sounding  to  various  depths,  or  several  thermometers  are  fastened  at 
intervals  along  the  rope,  and  what  are  called  serial  temperatures  are  thus 
obtained.  It  must  be  remembered  that  the  freezing-point  of  sea  water  is 
nearly  five  degrees  below  the  freezing-point  of  pure  water,  and  that,  unlike 
fresh  water,  it  contracts  down  to  its  freezing-point,  thus  becoming  heavier 
the  colder  it  gets.  It  should  also  be  noted  that  land  is  more  readily  heated 
by  the  sun's  rays  than  the  waters  of  the  sea,  but  it  does  not  retain  its  heat 
so  long.  The  water  has  a  greater  specific  capacity  for  heat  than  the  rocks 
forming  the  land  ;  that  is,  it  requires  four  times  as  much  more  heat  to  raise 
the  temperature  one  degree  than  does  the  land.  This  greater  amount  of 
heat  is  given  off  as  the  temperature  is  lowered,  so  that  warm  currents  of 
water  may  thus  give  up  a  considerable  quantity  of  heat  to  overling  colder  air. 
On  the  other  hand,  cold  currents  of  water  from  polar  regions  may  reduce 
tJie  temperature  of  the  overlying  air.  These  currents  of  which  we  have  just 
spoken  will  be  treated  of  more  fully  in  an  Advanced  Course.  We  must, 
however,  point  out  that  the  great  solar  heat  in  the  equatorial  regions  not 
only  warms  the  waters  in  that  part,  causing  them  to  become  specifically 
lighter,  but  turns  an  enormous  quantity  into  vapour.  These  causes  produce 
a  flow  of  the  heavier  colder  water  from  the  poles  to  the  equator,  and  a 

'  Temperatures  are  expressed  in  degrees  Fahrenheit  when  not  otherwise 
indicated. 
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contrary  flow  of  the  surface  of  the  lighter  and  warmer  water  from  the 
equator  to  the  poles.  The  direction  of  these  currents  is  greatly  modi- 
fied by  the  configuration  of  the  coast,  and  the  ridges  in  the  bed  of  the  sea. 
We  shall  afterwards  prove  the  earth  is  a  globe  rotating  on  its  axis  from  west 
to  east,  and  carrying  with  it  the  waters  of  the  ocean  and  the  gases  of  the 
atmosphere.  When,  therefore,  either  water  or  air  is  transferred  from  one 
part  of  the  globe  to  another,  where  the  rate  of  motion  is  different,  the 
direction  of  the  water  or  air  current  becomes  modified.  In  passing  from 
the  polar  to  the  equatorial  regions,  where  the  rotatory  speed  is  greater,  such 
a  current  is  drawn  towards  the  west.  A  constant  current  flows  from  the 
cold  Antarctic  regions  towards  each  of  the  great  oceans.  This  forms  in 
the  South  Atlantic  what  is  called  the  equatorial  current.  On  reaching 
the  coast  of  Brazil  the  equatorial  current  divides  into  two  branches,  the 
northernmost  of  which  passes  through  the  Caribbean  Sea  into  the  Gulf  of 
Mexico.  Here,  under  the  powerful  rays  of  the  tropical  sun,  its  waters  become 
heated,  and  it  issues  from  the  Straits  of  Florida  as  a  mighty  river,  with  a 
temperature  more  than  20°  F.  higher  than  the  surrounding  water  of  the 
North  Atlantic.  Assisted  by  the  prevalent  south-west  winds,  the  surface 
drift  of  warm  water  from  this  stream  is  carried  to  the  shores  of  Britain,  and 
even  of  Spitzbergen.  The  cold  current  in  the  northern  part  of  the  Atlantic 
comes  through  Davis  Strait  along  the  coasts  of  Labrador  and  Newfoundland. 

182.  Surface  Temperature  of  the  Sea.~The  temperature  of 
the  surface  of  the  sea  varies  according  to  the  latitude  or  distance 
from  the  equator,  and  also  according  to  the  seasons  of  the  year, 
except  in  the  equatorial  regions,  which  are  afifected  but  little  by 
change  of  season.  Generally  speaking,  the  surface  of  the  ocean 
near  the  equator  has  an  average  temperature  of  about  80°,  and 
this  diminisTies  as  we  pass  towards  the  regions  of  perpetual  ice 
round  the  poles.  The  highest  temperature  is  found  about  6°  N., 
and  there  the  sea  is  usually  warmer  than  the  air.  In  the 
Northern  Hemisphere  there  is  a  rise  in  the  surface  temperature 
of  the  sea  in  summer  and  a  fall  in  winter,  the  epoch  of  high- 
est surface  temperature  being  in  August,  and  that  of  lowest 
temperature  in  February — a  month  later  than  the  corresponding 
turning-points  in  the  temperature  of  the  air.  The  same  is  true  of 
the  waters  of  the  Southern  Hemisphere — a  rise  in  the  southern 
summer  and  a  fall  in  winter.  The  highest  mean  surface  tempe- 
rature is  that  of  the  southern  part  of  the  Red  Sea,  which  is  90°. 

Areas  of  high  temperature  from  84°  to  85°  are  the  China 
Sea,  the  Bay  of  Bengal,  a  district  south  of  Sumatra,  a  portion 
of  the  Central  Pacific,  and  the  sea  in  the  Gulf  of  Mexico  to  the 
Bahama  Islands.  Around  Britain  the  temperature  of  the  sea 
Varies  from  about  49°  in  February  to  60°  in  August.  Owing 
to  the  existence  of  currents  and  other  causes  the  lines  of 
equal  temperature  in  the  temperate  regions  do  not  follow  the 
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parallels  of  latitude,  though  they  correspond  more  closely  in  the 
case  of  the  Pacific  Ocean  than  in  the  case  of  the  Atlantic. 
There  is,  however,  never  the  same  striking  variation  in  the 
temperature  of  water  at  any  place  that  there  is  in  the  case  of 
air.  Between  the  hottest  and  coldest  part  of  the  day  there  is 
seldom  a  difference  exceeding  one  degree.  The  daily  change 
in  the  temperature  of  the  air  over  the  sea  is  nearly  four  times  ^ 
greater  than  that  of  the  water  on  which  it  rests. 

183.  Deep  Sea  Temperatures — We  may  summarise  the  chief  facts  now 
known  regarding  the  temperature  of  the  deeper  parts  of  the  sea  as  follows  :— 

(a)  In  the  open  sea,  far  from  coasts  and  barriers,  a  continual  decrease 
of  temperature  from  the  surface  takes  place  as  the  depth  increases,  quickly 
at  first,  and  then  more  slowly,  until  at  depths  of  3,000  fathoms  a  tempera- 
ture of  about  35°  F.  is  reached,  and  in  still  deeper  areas  a  temperature  as 
low  as  the  freezing-point  of  fresh  water,  32°  F. 

it)  The  above  is  only  true  of  the  open  sea,  because  where  a  submarine 
ridge  exists,  it  retards  the  movements  of  the  lower  and  colder  waters,  while 
the  higher  water  passes  over  the  ridge  and  fills  up  the  area.  Thus  in  the 
Sulu  Sea  the  temperature  falls  rapidly  from  80°  at  the  surface  to  50-5°  at 
400  fathoms,  and  this  continues  up  to  a  depth  of  2,500  fathoms.  Hence 
this  sea  is  apparently  surrounded  by  a  ridge  separating  it  from  the  ocean 
depth.  In  the  same  way  the  shallow  Strait  of  Gibraltar  (200  fathoms)  cuts 
the  Mediterranean  off  from  the  general  movements  of  the  waters  in  the 
Atlantic,  thus  preventing  the  entrance  of  any  cold  polar  water  ;  and  hence 
we  find  in  this  sea  a  constant  temperature  of  about  54°  at  a  depth  beyond 
100  fathoms.  A  similar  explanation  probably  accounts  for  the  finding  of 
two  such  different  temperatures  as  29°  and  43°  at  nearly  the  same  depth 
between  Scotland  and  the  Faroe  Islands. 

(c)  The  layer  of  water  at  the  bottom  of  which  a  temperature  of  40°  is 
found  varies  from  300  to  1,000  fathoms  in  thickness,  and  the  great  mass  of 
ocean  water  lies  below  this  layer  (see  fig.  66).  This  upper  and  compara- 
tively thin  layer  of  warm  water  is  usually  much  thicker  in  the  North 
Atlantic  than  in  the  South  Atlantic,  a  fact  probably  due  to  the  large 
influx  of  heated  water  brought  by  the  Gulf  Stream. 

{d)  The  bottom  temperature  of  the  Pacific  is  on  an  average  one  degree 
lower  than  that  of  the  Atlantic.  In  the  North  Pacific  it  was  often  below 
35°,  while  in  the  South  Pacific  a  temperature  of  32-5°  was  found,  and  still 
further  south  (53°  55'  S.  lat. )  the  thermometer  registered  31°  at  a  depth  of 
1,950  fathoms.  In  the  Arctic  seas  the  water  has  been  observed  warmer  beneath 
than  at  the  surface,  though  at  the  bottom  and  at  the  surface  it  may  be 
below  the  freezing-point  of  fresh  water. 

(1?)  The  temperature  of  the  sea  sinks  more  rapidly  over  shoals  and 
shallows  than  in  the  open  sea.  The  presence  of  cooler  waters  in  these 
positions  is  probably  caused  by  the  colder  deep  layers  being  deflected 
upwards. 

(/)  'All  inland sez.s,  at  great  depth,  represent  the  mean  temperature 
of  the  earth  in  the  latitude  where  they  are  situated  ;  whilst  in  the  ocean  the 
low  temperature  of  the  bottom  in  every  latitude  is  produced  by  the  cold 
currents  setting  in  eternally  from  the  polar  regions.'    These  cold  polar 
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Nvaters,  having  a  higher  specific  gravity  than  the  warmer  sur.ace  waters, 
flow  along  the  ocean  floor  towards  the  equator,  the  warmer  and  relatively 
lighter  waters  from  the  tropical  regions  flowing  in  the  opposite  direction. 
As  the  Arctic  Sea  is  much  less  open  to  the  Pacific  and  Atlantic  (Behring  s 
Strait  is  only  60  miles  wide),  it  is  thought  that  the  greater  part  of  the 
cold  and  dense  water  near  the  ocean  floor  is  an  indraught  from  the  uncon- 
nned  Antarctic  seas, 

184.  The  following  diagram  exhibits  a  series  of  temperatures 

and  soundings  taken  in  the  Atlantic  Ocean  by  the  '  Challenger ' 
between  the  island  of  Bermuda  and  the  loo-fathom  bank  ofif 
New  York.  In 
this  voyage  the 
ship  crossed 
what  is  called 
the  Gulf  Stream 
Delta  at  a  dis- 
tance of  about 
800  miles  from 
where  it  leaves 
the  Straits  of 
Florida.  On  is- 
suing from  the 
straits  the  stream 
has  a  surface 
temperature  of 
80°  R,  and  be- 
tween Bermuda  g 
and  New  York 
the  'Challenger' 
found  its  sur- 
face tempera- 
ture 75°,  ten 
degrees  higher 
than  the  water 
near  Bermuda, 
and  more  than 
twenty  degrees 
higher  than  the  water  of  the  cold  current  coming  from  Davis 
Strait  along  the  American  coast.  But  the  warmest  water  is 
quite  superficial.    At  60  fathoms  the  temperature  was  71°,  at 


Fig.  66. — Diagonal  Temperature  Section  between  Bermuda  and 
New  York,  showing  the  soundings  and  isotherms  of  the  sea 
(curves  of  equal  heat)  obtained  by  the  '  Challenger '  in  1873. 
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^5°,  at  1.5  fathoms  57°,  and, 

the  rT^f  "^"'•^  '     therefore  appears 

hat  the  Gulf  Stream  on  May  i,  1873,  in  lat.  36°  23'  N.  long. 

den.h  ^  ""^"^°"t       fathoms  in 

^tpih  ;  that  Its  speed  was  3!  miles  per  hour  in  a  N  60°  E 

direction  ;  and  that  it  was  at  that  time  discharging  cubic 
miles  of  water  per  hour  into  the  North  Atlantic  basin,  equal  to 
II6-88  cubic  miles  per  day,  or  42,661  cubic  miles  per  yeaV 
l  aking  mto  consideration  the  high  specific  heat  of  water,  some 
Idea  may  be  formed  of  the  vast  amount  of  heat  annually  carried 
from  the  tropics  into  the  North  Atlantic.    In  the  section  from 
Berniuda  towards  New  York  eight  soundings,  seven  temperature 
soundings,  and  four  dredgings  were  obtained.    The  bottom 
temperature,  at  depths  exceeding  1,800  fathoms,  was  again  re- 
markably uniform,  from  36-5°  to  36-8°,  the  mean  being  36-6°  • 
nor  was  it  affected  in  any  way  by  the  cold  surface  water  on  the 
north-west  side  of  the  Gulf  Stream  (see  diagram).  The  isotherm 
of  40°  was  found  at  a  uniform  depth  of  810  fathoms  for  3=50 
miles  N.W.  of  Bermuda,  but  after  crossing  the  Gulf  Stream 
It  rose  to  280  fathoms.    The  other  isotherms  maintained  a 
position  parallel  to  that  of  40°.'    ('Challenger'  Reports- 
'  Narrative  of  the  Cruise,'  vol.  i.  p.  157.) 

185.  Colour  of  the  Ocean.— Sailors  sing  of  the  '  deep  blue 
sea,  and  it  is  quite  true  that  far  from  land  and  in  considerable 
depths  the  sea  possesses  a  pure  bluish  tint.  Nearer  the  shore 
however,  the  shallow  water  has  a  pale  green  tint,  owing  to  the 
amount  of  suspended  matter,  the  reflection  from  the  sandy 
bottom  mixing  with  the  blue  of  the  water.  In  some  parts  the 
varying  colour  is  due  to  the  numerous  small  seaweeds  floating 
m  It,  or  to  the  countless  microscopic  animals  present.  The 
vast  quantity  of  yellowish  muddy  sediment  brought  down  by 
the  great  Chinese  rivers  accounts  for  the  name  given  to  the 
Yellow  Sea. 

186.  Action  of  Sea  on  Earth's  Crust.— Wherever  the  sea- 
coast  is  fringed  by  hills,  these  are  eaten  into  and  gradually 
worn  back  by  the  action  of  the  sea.  The  incessant  action  of 
the  waves  breaking  against  the  shores,  especially  during  storms, 
tears  away  and  wears  down  the  rocks,  which  often  fall  from  the 
cliffs  in  immense  masses.  ' 
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This  destruction  goes  on  faster  with  the  same  kind  of  rock 
when  the  cHffs  present  a  vertical  face  to  the  waves.  Where  the 
rocks  dip  seaward  the  action  of  the  breakers  falling  on  them  is 
greatly  diminished,  as  they  roll  up  the  slope  with  little  opposi- 
tion, and  without  doing  much  damage.  In  the  end,  however, 
with  the  aid  of  atmospheric  agencies  their  disintegration  is  at 
last  effected.  Portions  become  detached,  and  roll  down  the 
rocky  declivity  into  the  seething  water  below. 

This  erosion  of  the  coast  is  greatly  assisted  by  the  action 
of  the  rain  and  frost.  The  water  getting  between  the  fissures 
becomes  frozen  in  the  winter  months,  and  the  expansive  force 
exerted  during  freezing  widens  the  fissures  and  loosens  the 
particles.  The  huge  fragments  thus  broken  off  are  caught  up 
and  hurled  about  by  the  waves.  They  are  then  broken  up 
into  smaller  pieces,  and  the  ceaseless  roll  of  the  waves  wears 
off  their  sharp  angles,  and  reduces  them  to  the  smooth  rounded 
pebbles  which  form  the  gravel  and  shingle  of  many  parts  of  the 
sea-shore.  These  undergo  still  further  destruction,  for  in  time 
the  shingle  is  ground  into  sand,  and  the  sand  into  mud.  The 
finer  this  rock  debris  becomes,  the  further  is  it  carried  out  to 
the  sea  by  the  action  of  the  tides  and  currents. 

In  the  annexed  diagram  we  have  the  section  of  a  cliff,  the 
upper  part  of  which  is  composed  of  a  hard  rock,  such  as  sand- 
stone, fl!,  rest- 
ing upon  a  '=-f 
softer  rock, 
such  as  marl 
or  clay,  b. 


The 


action  of  the 
sea  on  the  cliff 


e 


di  c 

Action  of  the  Sea  on  the  Rocks  of  the  Coast. 


would  wear 
away  the  soft 

rock  quickly,  and  so  undermine  the  cliff  as  in  time  to  cause 
masses  of  the  hard  rock  to  fall  in  a  heap  at  the  base,  c.  These 
for  a  time  would  protect  the  lower  part  from  further  destruc- 
tion. But  the  action  of  the  waves  would  eventually  break 
them  up  and  round  them  into  shingle,  d,  and  at  last  grind  these 
into  sand,  carried  further  out  at  e.    The  finest  particles  of  all, 
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especially  those  derived  from  the  softer  rocks,  would  be  carried' 
out  as  7nud  to  a  still  greater  distance. 

Those  who  have  merely  listened  to  the  rolling  pebbles  on  a 
sloping  beach,  watching  the  incoming  wave  hurl  them  up  the 
slope  and  the  retreating  wave  carry  them  rattling  down  again, 
can  have  no  idea  of  the  immense  force  exerted  by  the  huge 
breakers  striking  an  exposed  ocean  coast  during  a  heavy  gale 
of  wind.  On  the  west  coast  of  Ireland,  at  Land's  End  in 
Cornwall,  and  among  the  Western  Islands  of  Scotland,  it  is 
sometimes  equal  to  about  three  tons  on  a  square  foot.  Thus 
a  surface  of  only  two  square  yards  might  sustain  a  blow  from  a 
heavy  Atlantic  breaker  equal  to  about  fifty-four  tons.  In  such 
situations  the  rocks  are  often  scooped  and  hollowed  out  into 
the  most  fantastic  forms.  Portions  somewhat  harder,  or  more 
favourably  situated,  have  better  resisted  the  action  of  the  waves, 
and  these  stand  out  as  headlands,  or  detached  portions,  as 
'  needles  '  or  '  stacks.'  This  unequal  action  on  the  harder  and 
softer  substance  also  gives  rise  to  channels,  creeks,  and  coves 
of  every  variety  of  form. 

The  destructive  effect  of  the  water  of  the  sea  is  greatly 
aided  by  the  boulders,  pebbles,  and  sand  which  the  waves  toss 
about  :  just  as  the  sediment  carried  in  the  waters  of  a  running 
stream  assists  in  grinding  away  the  banks,  so  the  sea  uses  the 
masses  and  shingle  of  the  beach  as  instruments  to  pound  and 
batter  the  cliffs  of  the  shore. 

We  have  thus  seen  how  the  sea  is  continually  wearing  away  the  land,  and 
how  rapid  this  destruction  may  be  when  the  materials  of  the  cliffs  are  but 
soft.    The  comparatively  soft  strata  of  chalk  that  form  the  sea  cliffs  of 
Kent  and  Sussex  are  worn  away  (when  not  protected)  at  an  average  of 
from  one  to  two  feet  a  year.    The  Isle  of  Sheppey  has  lost  fifty  acres  of 
land  in  the  space  of  about  twenty  years.    On  some  of  the  eastern  parts  of 
the  shores  of  England  the  crumbling  clay  that  forms  the  sea  cliffs  suffers  a 
loss  of  from  one  to  three  yards  a  year.    Tynemouth  Castle  now  stands  at 
the  edge  of  the  sea,  though  a  strip  of  land  formerly  intervened.  The 
ancient  sites  of  some  former  towns  and  villages,  such  as  Auburn,  Ravenspur, 
and  Hyde  on  the  Yorkshire  coast,  now  lie  buried  beneath  the  sea. 
'  During  the  most  violent  gales  the  bottom  of  the  sea  is  said  by  different 
authors  to  be  disturbed  to  a  depth  of  300,  350,  or  even  500  feet,  and  Sir 
Henry  de  la  Beche  remarks  that  when  the  depth  is  fifteen  fathoms  the 
water  is  very  evidently  discoloured  by  the  action  of  the  waves  on  the  mud 
and  sand  of  the  bottom.    But  in  the  deep  caves  of  ocean  all  is  tranquil,  all 
is  still,  and  the  most  dreadful  hurricanes  that  rage  over  the  surface  leave 
those  mysterious  recesses  undisturbed.' 
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It  must  be  noted  that  the  sea  is  not  eating  away  the  land  on  every 
shore.  In  some  parts  are  places  sheltered  from  the  action  of  the  waves, 
and  some  shores  have  for  a  long  distance  seaward  a  level  sandy  beach,  on 
which  the  waves  spend  their  force  without  injuring  the  shore.  In  other 
places  the  sea,  assisted  by  currents  and  winds,  piles  up  ridges  and  hills  of 
sand  on  the  shore.  Sea-shore  sand  consists  of  the  water-worn  particles  of 
previously  existing  rocks  reduced  to  small  grains.  It  is  partly  brought 
down  by  rivers  where  it  was  held  in  mechanical  suspension,  and  partly 
derived  from  cliffs  on  the  sea-shore.  The  masses  broken  off  the  cliffs  are 
first  reduced  to  pebbles  or  shingle,  and  then,  by  the  continual  attrition  of 
these  produced  by  the  rolling  of  the  waves,  they  are  reduced  to  small 
rounded  grains.  The  most  abundant  material  composing  sand  is  quartz 
grains,  but  mixed  with  these  there  is  often  a  quantity  of  calcareous  material 
formed  by  the  trituration  of  shells.  Coral  sand  is  derived  mainly  from  the 
breaking  up  of  coral  rocks. 

rSy.  Deposits  on  the  Sea  Floor.— Messrs.  Murray  and 
Renard  divide  the  deposits  on  the  sea  floor  into  (i)  terrigenous 
deposits,  or  deposits  derived  from  the  wasting  of  the  land,  and 
carried  down  as  sediment  by  the  action  of  rivers,  waves,  and 
other  movements  of  the  water;  and  (2)  pelagic  deposits,  or 
deposits  found  only  in  the  deeper  regions  of  the  ocean  basin. 

The  terrigemtis  deposits  consist  of  {a)  shore  formations,  blue  mud, 
green  nmd  and  sand,  red  mud — found  in  inland  seas  and  along  the  shores 
of  continents  ;  [b)  volcanic  mud  and  sand,  coral  mud  and  sand— found 
around  oceanic  islands  and  along  the  shores  of  some  continents.  The 
pelagic  deposits  include  pteropod  ooze,  Globigerina  ooze,  diatom  ooze, 
Radiolaria  ooze,  and  red  clay.    (See  Coloured  Map,  Frontispiece.) 

As  already  remarked,  the  detritus  or  waste  material  produced  by  the 
action  of  the  waves  is  deposited  at  no  great  distance  from  the  shore,  and 
shingle  beds  are  not  often  met  with  at  a  distance  of  a  mile  from  the  coast. 
The  finest  particles  of  all  are  not  carried  further  than  200  miles  from  the 
shore.  These  fine  particles  give  rise  to  the  greenish  or  blue  muds  so  often 
found  at  depths  of  from  100  to  700  fathoms.  This  blue  mud  is  the  mos- 
extensive  deposit  now  forming  near  the  great  continents  and  in  large  inland 
seas.  Where  large  rivers  enter  the  sea  portions  of  the  finest  material  may 
be  carried  to  still  greater  distances.  These  deposits,  now  forming  near 
the  shores  of  continents  and  large  islands  within  200  miles  of  the  shore, 
resemble  in  all  respects  the  sedimentary  rocks  of  which  we  have  spoken' 
and  may  at  some  distant  period  form  the  chalks,  sandstones,  shales,  and 
conglomerates  of  future  land.  In  the  deeper  parts  of  the  ocean  very 
different  deposits  are  found.  North  of  lat.  50°  S.,  at  depths  varying  from 
250  to  2,900  fathoms,  a  fine,  light-coloured  ooze  or  silt  called  Globigerina 
ooze  is  found.  It  consists  chiefly  of  the  minute  calcareous  shells  of  Globi- 
gerina and  other  Foraminifera  mixed  with  some  silicious  shells  of  Radio- 
laria. At  greater  depths  this  '  modern  chalk  of  the  Atlantic  '  passes  into 
red  clay.  In  some  places  the  calcareous  ooze  consists  of  the  thin  transparent 
shells  of  another  class  of  animals  (molluscs),  called  Pteropods.  Radiolarian 
ooze  is  a  deposit  met  with  in  the  Western  and  Middle  Pacific.  It  consists 
of  minute  perforated  silicious  shells,  formed  by  tiny  creatures  called  Radio- 
laria, that  live  in  all  zones,  and  secrete  silica  for  their  skeletons.  Diatom 

I  2 


116 


Elementary  PJiysiography 


o^>3<f  consists  of  the  flinty  frustules  or  cells  of  diatoms,  tiny  plants  that  live 
on  the  surface,  and  after  death  sink  to  the  bottom.  These  microscopic 
cells  or  valves  are  found  in  areas  of  great  depth  far  from  land.  Red  and 
chocolate  clays  form  the  chief  deposit  at  the  greatest  depths.  These  are 
mostly  of  volcanic  origin,  and  are  probably  produced  by  the  volcanic  dust 
carried  by  the  winds,  or  from  the  decomposition  of  the  pumice-stone  borne 
by  the  waves.  The  colour  is  mainly  due  to  the  presence  of  iron  and  man- 
ganese oxides.  Mixed  with  these  clays,  especially  in  the  South  Pacific 
great  numbers  of  sharks'  teeth  and  the  hard  compact  ear-bones  of  whales 
*vere  brought  up  by  the  dredge.  ^ 


Fig.  68.— Section  of  Gravesend  Chalk, 
showing  shells  of  Foraminifera  (highly 
magnified). 


Fig.  69.— Organisms  in  Atlantic  Ooze, 
chiefly  Foraminifera,  with  a  few  Radio- 
laria  and  sponge  spicules  (highly  mag- 
nified). 


The  following  fuller  account  is  derived  from  the  '  Challenger  '  Report 
on  Deep-sea  Deposits  : — 

Marine  deposits  are  classified  as  follows  : — 


Deep-sea  deposits  be- 
yond 100  fathoms. 


Shallow-water  deposits 

between  low  -  water 
mark  and  100  fathoms. 
Littoral  deposits  be- 
tween high  and  low 
water  marks. 


Red  clay. 
Radiolariari  ooze. 
Diatom  ooze. 
Globigerina  ooze. 
Pteropod  ooze. 
Blue  mud. 
Red  mud. 
Green  mud. 
Volcanic  mud. 
Coral  mud. 

I  Sands,  gravels,  muds, 
[  etc. 

[  Sands,  gravels,  muds, 
I  etc. 


Pelagic  deposits  formed 
in  deep  waters  far 
away  from  land. 


Terrigenous  deposits 

formed  in  deep  and 
shallow  water  close 
to  land  masses. 


Average  depth  at  which  each  of  the  more  important  deposits  is  found, 
percentage  of  CaCOj,  and  area  of  distribution — 
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Mean  depth 
in  fathoms 


Mean  percen- 
tage of  CaCOa 


Area  in  square 
miles 


Red  clay  . 
Radiolarian  ooze 
Diatom  ooze  . 
Globigerina  ooze 
Pteropod  ooze  . 
(Coral  mud 
\Coral  sand 
Other  terrigenous  de 


2,730 
2,894 

1,477 

1,996 

1,044 
740  \ 
176  / 


670 
4'0i 

22'96 

64-53 
79'26 

86-41 


51,500,000 
2,290,000 
10,880,000 
49,520,000 


2,556,800 


400,000 


posits  . 
Shallow  -  water  de 


8 


I9"20 


16,050,000 


posits  . 


10,000,000 


Eed  clay  is  a  stiff  clay  of  a  deep  brown  or  red  colour,  found  in  the  dee]:) 
parts  of  the  ocean  beyond  2300  fathoms,  and  far  from  land.  It  is  especially 
abundant  in  the  Central  Pacific  and  the  deeper  parts  of  the  Atlantic,  its 
colour  being  due  mainly  to  the  oxide  of  iron,  or,  when  chocolate,  to  the 
oxide  of  manganese.  It  consists  of  the  residue  of  dissolved  calcareous 
organisms,  siliceous  remains,  water-logged  and  disintegrated  pumice  and 
wind-borne  volcanic  dust.  Hydrated  silicate  of  alumina  often  constitutes 
one-half  of  the  deposit,  and  the  calcium  carbonate  in  the  deepest  parts  does 
not  exceed  2  per  cent.  The  colour  is  due  to  the  presence  of  oxides  of  iron 
and  manganese  formed  from  the  decomposing  volcanic  material.  These 
oxides  also  form  deposits  around  any  hard  nucleus,  and  manganese  nodules 
so  formed,  or  manganese-iron  nodules,  as  they  are  more  correctly  termed, 
varying  in  size  from  a  marble  to  an  apple,  are  found  abundantly  in  red 
clay.  They  occur  as  concretions  forming  concentric  zones  of  manganese 
hydrate  around  sharks'  teeth,  ear-bones  of  whales,  fragments  of  pumice, 
etc.  Whether  the  manganese  is  derived  from  the  decomposing  volcanic 
rock  or  from  the  sea  water,  is  doubtful.  Besides  the_  mineral  particles 
derived  from  disintegrating  pumice,  red  clay  contains  particles  of  Secondary 
origin  belonging  to  the  class  zeolites,  and  formed  in  situ  by  chemical 
changes  from  the  materials  in  the  clay.  Particles  of  cosmic  or  extra- 
terrestrial origin  are  also  met  with  in  red  clay.  These  are  black  and  brown 
spherules  which  can  be  attracted  by  a  magnet.  The  black  spherules  are 
about  f'ij  inch  in  diameter,  have  an  external  crust  of  magnetic  oxide  of  iron, 
and  a  nucleus  of  iron  or  iron  alloyed  with  cobalt  and  nickel.  The  brown 
spherules  are  about  \  inch  in  diameter,  formed  of  the  mineral  enstatite, 
and  have  a  peculiar  radiated  lamellar  structure,  similar  to  that  found  in 
meteorites. 

The  presence  of  vertebi-ate  remains  belonging  to  extinct  species,  the 
formation  of  manganese  nodules,  and  ciystals  of  zeolites,  and  the  occurrence 
of  metallic  and  stony  chondroi  of  cosmic  origin,  all  prove  that  red  clay 
accumulates  at  a  very  slow  rate. 

The  small  percentage  of  calcium  carbonate  in  the  red  clay  and  other 
deep  deposits  is  due  to  the  solution  of  the  calcareous  shells  of  the  pteropods 
and  foraminifera  (that  live  near  the  surface)  as  they  sink,  on  the  death  of 
the  animals,  through  the  great  depth  of  sea  water  containing  some  carbonic 
acid.  Pteropod  ooze  is  not  met  with  beyond  1500  fathoms,  and  Globigerina 
ooze  disappears  beyond  a  depth  of  2500  fathoms. 
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I'  iG.  70.  —Section  of  Manganese- 
jron  Nodule  (natural  size) 
from  South  Pacific  (2550  fa- 
thoms). A  light  nucleus,  pro- 
bably of  volcanic  origin,  is  seen 
surrounded  by  darker  layers 
of  hydrated  manganese  oxide, 
akin  to  bog  manganese  ore.  S 


Fig.  71.  —  Cosmic  Magnetic 
Spherule  from  2375  fathoms. 
The  crust  of  magnetic  iron 
oxide  has  been  broken  through 
to  show  the  metallic  nucleus 
of  native  iron  or  alloy  of  iron 
(magnified  90  diameters). 


Fig.  72.— a  Cosmic  Spherule  attached  to 
a  mass  of  httle  crystals  of  zeolites 
formed  in  the  abyss  from  other  minerals 
(magnified  90  diameters). 


Fig.  73.— Chondre  or  Sphe- 
rule  of  Bronzite,  a  variety 
of  the  mineral  enstatite, 
showing  a  leafy  radial  struc- 
ture. Like  the  cosmic  sphe- 
rules, it  is  probably  a  por- 
tion of  the  dust  of  meteorites 
that  have  fallen  in  the 
course  of  ages  into  the  deep 
sea  (from  2000  fathoms; 
magnified  37  diameters). 
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Radiolarian  ooze  is  the  name  given  to  the  ooze  that  contains  25  per  cent 
or  more  of  the  siliceous  shells  of  these  muiute  annnals.  ^o""?  J 

some  of  the  deeper  parts  of  the  Central  Pacific        ^^^^^P  O'^,^"'!^,^^^^^^^^^ 
radiolarians  abound  on  the  surface,  but  it  is  not  found  in  the  Atlan  ic 
This  ooze  is  the  same  in  composition  as  the  red  clay,  with  ^^dition 
of  siliceous  shells  and  spicules.    Silica  is  not  nearly  so  soluble  in  sea 
water  as  calcium  carbonate,  and  hence  siliceous  remains, 
shells,  sponge  spicules,  and  frustules  of  diatoms,  are  found  at  great  depths. 

Diatom  ooze  is  composed  in  large  part  (40  to  5°  P^r  cent. )  of  the 
siliceous  frustules  of  diatoms.  It  is  a  distinctive  deposi  of  the  southern 
ocean,  within  the  limits  of  the  Antarctic  ice  drift.  When  wet  it  has  a 
creamy  colour,  and  when  dry  looks  like  flour.  Fragments  g^an'te,  sand- 
stone, and  other  terrigenous  mineral  matter  is  ofteii  met  with  m  this  ooze. 
Diatom  ooze  has  been  found  also  in  the  North  Pacific.  Both  radiola  la 
and  diatoms  obtain  their  silica  from  the  slight  quantity  m  solution  in  the 
sea  water,  and  probably  also  from  the  fine  clayey  mud  in  suspension. 

Globigerina  ooze  is  a  deposit  containing  from  30  to  90  per  cent,  ot  tne 
calcareous  shells  of  foraminifera  (those  of  the  genus  Globigerina  bemg  most 
abundant),  with  an  admixture  of  mineral  particles  and  siliceous  shells. 
These  animals  live  in  the  surface  and  sub-surface  waters  of  the  ocean  in 
countless  millions,  and  on  their  death  their  ^shells  fall  in  myriads  on  the 
bottom  of  the  sea.    Foraminifera  are  small  specks  of  jelly-like  material 
that  build  up  chambered  shells  of  calcium  carbonate.    In  Globigerina  the 
walls  are  pierced  by  minute  apertures,  and  delicate  spines  project  from  the 
outer  surface.     Near  the  land  the  shells  become  covered  with  deposits 
from  the  land  (terrigenous  deposits),  and  in  the  deepest  parts  the  shells  are 
dissolved  before  reaching  the  bottom  by  the  agency  of  the  CO,  in  sea  water. 
But  between  500  and  2500  fathoms  this  ooze  is  found  covering  nearly 
50,000,000  square  miles  of  ocean  floor,  and  it  is  especially  abundant  within 
the  tropics.    Seen  under  the  microscope,  many  of  the  tiny  shells  of  Globi- 
gerina ooze  are  found  to  closely  resemble  those  of  chalk.   The  carbonate  of 
"lime  (CaCO,)  can  be  secreted  from  any  calcium  salt,  the  animal  itself 
supplying  the  CO2 ;  and  there  is  so  little  CaCOj  in  sea  water  that  calcium 
sulphate,  CaS04,  is  probably  the  chief  source  of  supply.  _ 

Pteropod  ooze  consists  of  the  delicate  shells  of  surface-living  molluscs, 
especially  pteropods,  that  live  in  the  tropical  seas.  It  is  not  found 
below  1000  fathoms,  and  only  covers  about  400,000  square  miles  in  the 

Atlantic.  j  ^ai  n 

Very  small  organisms,  consisting  of  plants  allied  to  seaweeds  (Algae) 
and  termed  Coccospheres  and  Rhabdospheres,  live  in  the  surface  waters  of 
tropical  and  temperate  regions,  and  secrete  discs  or  rods  of  calcium  carbonate 
on  their  surfaces.  Hence  these  coccospheres  and  rhabdospheres  are  found 
mixed  with  the  other  ingredients  of  the  last  two  oozes. 

Blue  mud  is  the  most  extensive  of  the  land-derived  deposits  found  in  deep 
water.  It  is  found  along  the  coasts  of  continents  and  continental  islands, 
and  in  some  enclosed  seas  up  to  distances  of  100  to  200  miles  from  land, 
though  Congo  and  Amazon  mud  have  been  found  500  miles  from  the  shore. 
Blue  mud  consists  of  the  fine  sediment  carried  out  by  rivers  with  a  varying 
proportion  of  sand  and  other  mineral  particles,  as  mica,  felspar,  etc.,  and 
some  marine  organisms.  The  material  carried  out  to  sea  by  rivers  is  about 
thirty-three  times  as  much  as  that  worn  from  land  by  waves,  tides,  and 
currents.  The  blue  or  slaty  colour  is  mainly  due  to  the  presence  of 
sulphides  formed  out  of  sulphates  by  the  reducing  action  of  decomposing 
organic  matter.    Ferric  oxide  is  also  reduced  to  ferrous  oxide,  though  in 
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Fig.  78. — Glauconite  Grains  in 
shell  of  Globigerina.  The 
grains  are  green. 


?ed  mS!"'  '°  abundant  thai  the  deposit  is  known  as 

Green  mud  takes  the  ,,lace  of  blue  mud  off  steep  coasts  without  great 
- —  rivers,  as  the  south  of  Africa,  south  of 

Australia,  and  west  of  North  America.  It 
contains  a  greenish  mineral  called  Glauco- 
nite, which  is  a  hydrated  silicate  of  iron, 
potassium,  and  aluminium.  The  glauconite 
appears  as  grains  or  concretions,  and  is 
often  found  filling  the  shells  of  foraminifera. 
It  appears,  indeed,  to  be  formed,  in  the 
first  instance,  in  the  shells  of  calcareous 
organisms  by  chemical  changes  that  begin 
in  the  ocean  bed. 

Volcanic  mud  and -sand  are  found  de- 
posited around  volcanic  islands  and  shores. 
The  deposits  consist  of  fragments  of  igneous 
rocks  such  as  are  ejected  by  volcanoes,  the 
deposits  getting  finer  and  more  mixed  with 
pelagic  organisms  as  the  distance  from  the 
shore  increases.  In  course  of  time  sea  water 
effects  chemical  changes  in  some  of  these  rocks.  The  finest  particles  from 
a  volcanic  eruption  may,  indeed,  be  carried  all  over  the  globe,  as  in  the 
case  of  the  eruption  of  Krakatoa.  Pumice-stone,  being  so  porous,  floats 
for  months,  and  drifts  long  distances  before  it  becomes  waterlogged  and 
sinks. 

Coral  mud  and  sand  are  found  around  coral  islands  and  reefs.  It 
consists  of  calcium  carbonate  with  remains  of  marine  organisms.  P'or 
examples  of  '  Challenger  '  soundings,  see  Appendix,  p.  305. 

188.  Ocean  Currents.— The  Gulf  Stream  may  be  regarded 
as  a  branch  of  the  Equatorial  Current  which  flows  across  the 
Atlantic  from  the  west  coast  of  Africa  to  the  east  coast  of 
Brazil,  and  which  is  produced  mainly  by  winds  blowing  in  the 
same  direction.  (Currents  are  named,  unlike  winds,  according 
to  the  direction  in  which  they  flow.) 

On  reaching  the  coast  of  Brazil  this  westerly  Equatorial  Current  divides 
into  two  branches — one  flowing  south,  and  called  the  Brazil  current ;  the 
other  passing  northward  into  the  Carribean  Sea  and  Gulf  of  Mexico.  This 
second  branch,  deflected  by  the  land  to  the  north-east,  leaves  the  Mexican 
Gulf  for  the  most  part  between  Cuba  and  Florida  as  a  rapid  warm  current 
of  deep  blue  water,  called  the  Gulf  Stream  (par.  184).  It  then  passes 
northwards  parallel  to  the  American  coast,  acquires  a  more  easterly  direc- 
tion off  Cape  Hatteras,  and,  passing  over  the  southern  end  of  the  New- 
foundland bank,  terminates  in  the  North  Atlantic  as  a  distinct  current 
about  longitude  35°  W.  In  its  course  its  velocity,  which  is  at  first  about 
4  miles  an  hour,  becomes  less  ;  its  breadth  gradually  expands ;  its  tempe- 
rature decreases  ;  and  it  becomes  shallower.  Though  ceasing  as  a  distinct 
stream  about  the  middle  of  the  North  Atlantic,  some  of  its  surface  waters 
are  carried,  as  the  '  Gulf  Stream  drift,'  by  the  prevailing  south-westerly 
winds  to  the  shores  of  Great  Britain  and  Iceland  (see  par.  260  for  its 
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influence  on  our  climate).  A  portion  of  the  stream,  however,  returns 
southward  along  the  coast  of  Portugal  and  Brazil,  while  in  the  area  of  the 
Atlantic  around  which  the  currents  flow  lies  the  Sargasso  Sea,  the  surface 
of  which  is  thickly  strewn  with  a  floating  seaweed  (see  Map  X.). 

A  cold  current  from  the  Arctic  Seas,  known  as  the  Labrador  Current, 
passes  southward  between  the  Gulf  Stream  and  the  coast  of  the  United 
States,  the  line  of  separation  between  the  two  currents  being  known  as  the 
"cold  wall."  A  part  of  the  great  Equatorial  Current  of  the  Pacific, 
corresponding  to  the  Gulf  Stream,  and  flowing  along  the  east  coast  of 
Asia,  is  known  by  the  Japanese  name  of  '  Kuro  Siwo,'  or  '  Dark  Stream.' 
A  fuller  account  of  ocean  currents  is  given  in  the  '  Advanced  Physiography.' 


CHAPTER  IX. 

THE  POLAR  REGIONS  AND  THE  ICE  OF  THE  SEA. 

1 89.  Arctic  Ocean. — The  Arctic  Ocean  includes  that  portion 
of  the  sea  surrounding  the  north  pole,  and  bounded  on  the 
south  by  the  northern  coasts  of  Europe,  Asia,  and  America.  It 
does  not  therefore  exactly  coincide  with  the  Arctic  circle,  which 
is  23^°  from  the  pole,  as  it  reaches  further  south  at  the  north 
of  the  Old  World,  and  at  the  North  Cape  where  it  joins  the 
Atlantic.  With  the  Atlantic  it  has  two  gateways  of  communica- 
tion, the  wide  opening  between  Norway  and  Greenland,  and 
the  narrower  passages  through  Davis  Strait  between  Greenland 
and  the  great  archipelago  of  islands  on  the  north  of  America. 
With  the  Pacific  it  has  only  a  narrow  connection  of  sixty  miles 
at  Behring  Strait.  .  The  passage  between  the  Atlantic  and 
Pacific  along  the  ice- encumbered  channels  between  the  islands 
on  the  northern  shores  of  America  is  called  the  '  North-west 
Passage,'  and  was  once  much  sought  after  as  a  route  to  India 
and  the  East.  The  passage  along  the  northern  shores  of 
Europe  and  Asia  through  Behring  Strait  is  called  the  '  North- 
east Passage.'  This  circular  basin  included  within  the  above 
limits  is  but  very  partially  known.  From  the  parallel  of  72° 
north,  which  skirts  its  southern  land  limit,  up  to  the  parallel  of 
80°  it  has  been  often  explored,  but  only  a  few  expeditions  have 
proceeded  farther  north.  This  is  on  account  of  the  sea  beyond 
being  so  blocked  with  ice  that  ships  are  not  able  to  make  pro- 
gress. In  1875  Sir  George  Nares  reached  the  latitude  of 
82°  10'  N.  in  H.M.S.  'Alert,'  and  from  that  ship  a  sledge  party 
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under  Commander  Markham  succeeded  in  planting  the  British 
flag  m  latitude  83°  20'  26"  N.,  400  miles  from  the  pole.  Instead' 
of  finding  the  '  open  polar  sea,'  the  ice  was  found  to  be  of  most 
unusual  age  and  thickness,  and  to  this  region  the  name  Pcdceo- 
crystic  Sea,  or  sea  of  ancient  ice,  has  been  given.  Owing  to 
the  absence  of  land  trending  northward,  and  the  polar  pack 
not  being  navigable.  Sir  George  Nares  concluded  that  no  ship 


could  be  carried  north  on  either  side  of  Smith's  Sound  beyond 
the  position  they  had  attained.  Since  then  Lieutenant  Greely 
has  made  a  slight  advance  further  north. 

The  floor  of  the  Arctic  Ocean  does  not  much  exceed  1,000 
fathoms  in  depth,  and  at  the  point  reached  by  the  British  expedi- 
tion was  only  72  fathoms. 

190.  Marine  Ice.— On  approaching  the  ice  of  the  polar  regions  its 
presence  is  indicated  to  the  mariner  by  a  brilliant  band  of  yellowish-white 
light  along  the  horizon  called  the  ice-blink.  The  ice-blink  is  produced  by 
the  reflection  of  the  light  from  the  snow-covered  ice.  The  ice  of  the 
Arctic  seas  is  of  two  different  kinds,  the  one  being  formed  in  the  sea,  and 
the  other  coming  from  the  surface  of  land.     The  intense  cold  of  the 
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Arctic  winter  freezes  the  water  on  the  surface  of  the  sea,  luit  the  restless 
movements  of  the  waves  seldom  allow  a  thick  covering  of  level  ice  to  be 
formed,  large  stretches  having  an  uneven  surface  being  produced.  Such 
an  expanse  of  marine  ice  having  no  visible  limit  is  called  an  ice-field.  An 
ice-field,  then,  does  not  consist  of  a  level  sheet,  but  is  an  immense 
irregular  expanse,  having  deep  hollows  and  large  mounds  called  'hum- 
mocks,' or  hills,  and  is  often  interspersed  with  fissures,  which  are  some- 
times filled  with  drifted  snow.  In  the  winter  this  frozen  sea  is  kept  within 
its  narrowest  limits,  but  at  the  beginning  of  summer  the  ice-field,  which 
may  be  continuous  for  hundreds  of  miles,  begins  to  break  up,  the  smaller 
detached  portions  of  a  field  being  called  floes,  and  a  number  of  floes  closely 
compacted  together  is  known  as  pack  ice.  It  is  this  pack  ice  which  so 
often  forms  a  barrier  impassable  to  ships  even  in  summer,  though  at  times 
it  opens  out  into  channels  through  which  a  bold  adventurer  steers.  In 
1806  Captain  Scoresby  forced  his  way  through  250  miles  of  pack  ice  until 
he  reached  the  latitude  of  81°  50'  N.  A  pack  is  sometimes  broken  up 
into  loose  masses  called  drift  ice.  The  ice-fields  detached  from  the  frozen 
seas  during  the  summer  are  carried  forwards  by  waves  and  currents,  and 
sometimes  crash  together  with  such  force  as  to  produce  a  scene  of  terrible 
grandeur,  huge  floes  being  broken  off"  at  the  edges,  and  an  enormous  pile  of 
fragments  being  squeezed  together  into  a  mass. 

Many  a  good  ship  has  been  crumpled  up  like  matchwood  or  lifted 
bodily  on  to  the  ice  by  such  an  icy  embrace.  In  1869  the  'Hansa,'a 
German  exploring  vessel,  was  so  damaged  by  the  pressure  of  the  ice 
on  the  east  coast  of  Greenland  that  she  sank.  The  crew  with  their  boats 
and  provisions  established  themselves  on  an  ice-floe  about  two  miles  in 
diameter.  For  200  days  they  resided  on  this  drifting  mass  surrounded  by 
other  floes,  and  were  carried  southwards  during  the  summer  by  the  currents 
for  a  distance  of  1,300  miles.  At  this  time  the  floe  had  diminished 
greatly  in  size,  but  fortunately  an  opportunity  of  escape  to  the  coast  then 
presented  itself. 

191.  The  Ice-foot. — There  is  still  another  form  of  sea  ice.  This  is 
formed  by  the  sea  freezing  along  the  margin  of  the  land,  so  that  a  layer  lifted 
up  by  the  tide  becomes  frozen  to  the  shore.  Such  a  shelf  of  ice  formed 
along  a  shore,  as  on  the  edge  of  North  Greenland  and  other  islands, 
is  called  the  icefoot  (fig.  80).  The  ice  formed  by  the  freezing  of  the  Arctic 
seas  seldom  exceeds  seven  or  eight  feet  in  thickness,  but  on  the  coast  it 
rises  in  long  rugged  ridges  to  a  height  of  thirty  or  forty  feet.  This  shore 
ice  not  only  carries  loose  debris  attached  underneath,  but  often  receives  a 
mass  of  stones  and  rubbish  from  the  overhanging  cliffs.  Much  of  this  ice- 
foot may  remain  attached  to  the  shores  for  years,  but  during  the  warmth  of 
summer  the  loose  bergs  and  floes  driving  against  it  sometimes  detach  large 
masses,  which  float  away  with  their  load  of  materials.  These  are  either 
carried  until  the  ice  melts  and  deposits  its  cargo  of  blocks  and  rubbish,  or 
the  floating  raft  of  ice  from  the  ice-belt  becomes  caught  again  in  the  ice  of 
the  succeeding  winter. 

192.  Frozen  Sea  Water  contains  Very  little  Salt.- -During  the  pro- 
cess of  freezing  the  sea  water  throws  out  nearly  all  the  salts  it  contains,  so 
that  the  ice  when  thawed  furnishes  fresh  water  which  can  be  drunk. 

Weyprecht  observes,  '  "WTien  the  growth  of  ice  is  carried  on  quickly  in 
times  of  intense  cold  a  great  number  of  crystals  are  formed,  whose  salt 
particles  are  not  only  drawn  downwards  in  the  water,  but  scattered  round 
on  all  sides.    In  consequence  of  this  the  original  melted  ice  consists  of 
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crystals  loosely  adhering  together,  and  mixed  with  the  solution  of  salt 
which  has  been  rejected  from  them  all.    As  the  ice  grows  harder  bv  the 
freezmg  together  of  the  separate  ice  crystals,  this  solution  alsoTeezes  w  th 
hem  m  its  upper  strata.    When  the  latter  has  attained  a  certain  deSeT of 

bwir^Thl  Tiv''  '°7r'r-  °'  '?r'  ''''''  progresses  onfy  ve? 
Slowly.    The  addition  of  fresh  ice  crystals  from  belows  goes  on  reeularlv 

but  in  their  formation  the  salt  is  almost  all  carried  downwards  into  the  sea  ' 
scrihJ'  ,^f«^"&«-72"f  J^^^ides  the  various  forms  of  marine  ice  just  de. 
W7  '  XI,     ""u    "T"^  ^"g^  "^^^s^s  of  ice  called  ice- 

bergs. These  have  been  derived  from  the  surface  of  the  land  in  the 
Arctic  regions,  and,  having  been  pushed  down  to  the  sea,  have  floated 
away.  Nearly  the  whole  surface  of  Greenland  is  covered  with  an  ice- 
sheet  which  advances  towards  the  sea,  the  rate  of  motion  of  the  Greenland 


f  lG.  80.— Ice-loot. 

glaciers  being  much  greater  than  that  of  Alpine  glaciers,  nearly  100  feet 
a  day  in  summer  and  30  to  35  feet  a  day  in  winter.  Here  immense 
fragments  are  broken  off  and  carried  by  the  waves  and  currents  towards 
the  south.  The  ice  breaks  off  from  one  of  these  Arctic  glaciers  either 
by  being  pushed  along  the  bottom  of  the  sea  till  it  reaches  such  a  depth 
that,  being  lighter  than  water,  it  is  broken  away  by  the  upward  pressure 
of  the  water,  or  by  coming  at  once  into  deep  water,  when  the  mass  is 
snapped  off  by  its  own  weight.  Fig.  81  explains  the  origin  of  icebergs  by 
the  extension  of  a  polar  glacier  seaward. 

Some  of  the  largest  icebergs  are  found  in  Davis  Straits,  and  are  often 
of  enormous  size.  They  cany  boulders  and  smaller  pieces  of  rock  derived 
from  the  land  over  which  they  have  passed,  and  floating  southwards  they 
often  reach  as  far  as  the  coast  of  Newfoundland.  Here  they  melt  away 
and  deposit  their  load  of  stony  rubbish  on  the  bottom  of  the  sea.  At  times 
icebergs  from  the  west  coast  of  Greenland  have  been  known  to  reach 
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latitude  36°  N.  before  ihey  were  melted,  but  owing  to  Ae  W'-t  m  waters  o^^ 
the  Gulf  Stream  the  bergs  from  the  east  coast  of  Greenland^  do  not  reach 
nearly  so  far  south.  It  must  be  noticed  that  an  ice-floe,  being  a  mass  01 
marine  formation,  bears  no  transported  blocks,  as  icebergs  do,  except 


Fig.  ei.    A  Scene  in  the  Arctic  Regions,  showing  a  Floating  Iceberg. 
(By  permission  of  Messrs.  Barne  &  Co.) 

derived  from  the  ice-foot.  These  floating  mountains  of  ice  drifted  by 
polar  currents  constitute  a  source  of  great  danger  to  the  steamers  approach- 
ing the  American  shores  from  England.  Owing  to  the  coldness  of  the  air 
produced  by  so  great  a  mass  of  ice  the  vapour  in  this  air  is  often  condensed 
into  a  fop,  so  that  the  berg  is  only  visible  at  a  short  distance. 
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Fig.  82.-Diagram  Section  of  an  Arctic  Glacier  giving  off  Icebergs. 


-n^^^^''^^'^  ^^'■g^  o^^ll  sizes,  and  often  of  the  most  fantastic 
shapes.  Dr.  Hayes  measured  one  which  stood  31 5  feet  out  of  water  and 
was  over  three-quarters  of  a  mile  in  length.  '  Assuming  that  only  one 
seventh  was  above  the  water,  such  a  berg  would  have  gSne  aground  at  a 
depth  of  about  half  a  mile.  Being  continually  acted  on  by  the^waves  aLd 
the  warmth,  the  floating  bergs  often  fall  to  pieces,  or,  becomingTop  heavy 
fall  over,  causmg  great  turmoil  in  the  sea.  ^  ^' 

194-  The  following  remarks  by  C.  R.  Markham,  Esq.,  the 
President  of  the  Royal  Geographical  Society,  furnish  a  useful 
summary  of  the  terms  used  in  describing  the  ice  found  in  the 
Arctic  seas. 

_  '  Sea  water  in  the  process  of  congelation  expels  the  salt,  and  its  freezina. 
point  IS  about  28°  Fahrenheit.  The  ice  first  forms  in  thin  irregular  flakel, 
called    sludge,   and  when  this  is  compact  enough  to  hold  snow  it  is  known 
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as  "  brash."  Gathered  into  rounded  masses  it  becomes  "  pancake  ice,"  and 
soon  it  becomes  thicker.  The  first  thin  covering  is  called  by  the  whalers 
<'bay  ice."  A  "floe"  is  a  sheet  of  ice  the  limits  of  which  are  visible.  An 
"ice-field"  differs  from  a  floe  in  being  so  extensive  that  its  limits  cannot  be 
seen.  "Pack  ice"  consists  of  broken  floes  forced  together  by  the  winds  or 
currents.  When  the  pack  is  loosened  and  scattered  by  a  wind  from  an 
opposite  direction  the  pieces  are  called  "sailing  ice."  The  greatest  thick- 
ness attainable  by  ice  in  one  season  is  about  7  feet.  The  results  of  obser- 
vations made  by  Sir  George  Nares  in  82°  17'  N.  on  the  west  side  of 
Greenland,  and  by  Captain  Koldewey  on  the  east  side  in  74°  30'  N.,  were 
identical,  viz.  6  feet  7  in.  Old  ice  is  believed  to  become  thicker  in  a  second 
winter,  and  even  to  attain  a  thickness  of  10  feet  In  the  Pal^ocrystic  Sea 
there  are  floes  from  80  to  100  feet  thick,  but  these  must  be  considered  rather 
as  sea  glaciers,  formed  by  accumulations  of  snow  on  the  ice  year  after  year, 
and  the  smaller  pieces  broken  from  them  have  been  very  appropriately 
named  ' '  floebergs. "  These  mighty  floes  are  sea-borne  glaciers,  perpetually 
wasted  beneath  and  restored  from  above.  Icebergs  are  only  met  with 
where  there  are  great  discharging  glaciers  on  the  land  or  in  the  currents 
leading  from  them.  Greenland  is  the  principal  mother  of  icebergs.  This 
immense  mass  covers  an  area  of  about  512,000  square  miles,  and  has 
34,000  miles  of  coast-line.  It  is  indented  by  deep  channels  or  fjords,  often 
extending  more  than  60  miles,  with  many  islands  and  rocks  along  the 
coast.  The  whole  of  the  interior  is  believed  to  be  capped  by  an  enormous 
glacier  always  moving  towards  the  coast,  and  at  certain  points  reaching  the 
sea,  where  masses  break  off  in  the  shape  of  icebergs.  These  icebergs  rise 
to  a  height  of  60  to  300  feet  above  the  sea,  with  a  circumference  from  several 
hundred  to  several  thousand  yards  ;  and  from  seven  to  eight  times  the 
bulk  seen  above  water  is  submerged,  so  that  the  weight  of  a  large  berg  is 
millions  of  tons.  When  pieces  break  off  from  a  parent  iceberg  the  process 
is  called  "calving,"  and  the  pieces  are  "calf  ice."  Recent  observations  of 
one  of  the  principal  discharging  glaciers  show  it  to  be  920  feet  thick  and 
184,000  feet  wide,  and  that  it  advances  at  a  rate  of  47  feet  a  day  during  the 
summer  season.  In  Spitzbergen  and  Nova  Zembla  there  are  much  smaller 
glaciers,  discharging  smaller  berg  pieces.  The  Franz -Josef  Land  glaciers 
produce  large  flat-topped  icebergs,  which  do  not,  however,  float  south- 
wards.'— Encycl.  Brit. 

195.  Antarctic  Ocean.— The  Antarctic  Ocean  includes  the  great  body 
of  water  \yithin  the  Antarctic  Circle,  and  is  a  continuation  to  the  south  of 
the  Atlantic,  Pacific,  and  Indian  Oceans.  Compared  with  the  district  round 
the  north  pole,  the  south  polar  regions  are  but  little  known.  This  is  partly 
owing  to  the  great  severity  of  the  climate,  for  its  temperature  is  generally 
lower  than  that  of  the  corresponding  latitudes  of  Arctic  regions.  South 
of  62|°S.  lat.  the  temperature  of  both  air  and  water  is  almost  constantly 
below  freezing-point  even  in  summer.  The  greatest  known  tract  of  land 
is  the  line  of  coast  stretching  between  the  parallels  of  70°  and  78°  S.,  and 
lying  between  the  meridians  of  160°  and  167°  E.  long.  It  was  called 
Victoria  Land  in  1S41  by  its  discoverer.  Sir  James  Ross.  Ross  succeeded 
in  reaching  the  highest  latitude  yet  attained  in  the  southern  seas,  78°  10'  S. 
His  progress  was  then  stopped  by  an  icy  barrier  nearly  200  feet  high, 
along  which  he  sailed  for  300  miles.  On  this  land  a  mountain  chain  was 
seen,  in  which  an  active  volcano,  12,000  feet  high,  was  observed.  To  this 
volcano  the  name  '  Erebus '  was  given,  after  one  of  the  ships  ;  while  an 
extinct  volcano  to  the  east  of  this  was  called  'Terror,'  after  the  second 
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ship.    Another  explorer,  named  Wilkes,  discovered  land  in  i8^q  between 
the  parallels  of  65"  and  67°  S    and  extending  from  the  loSh  S^the 
nav?ga?ors°  ^^^^  longi'"^^'    Other  portions  have  been  sighted  by  various 

How  far  the  land  stretches  is  not  known  ;  but  from  the  swarms  of  ice- 
bergs that  are  found,  from  the  contmental  character  of  the  deposits  found 
on  the  sea  floor,  and  from  the  diminution  in  the  depth  of  the  sea  bed  on 
gomg  further  south,  it  has  been  inferred  that  ihe  parts  observed  are  merely 
the  outer  portions  of  a  large  island  continent  surrounding  the  pole  Be 
twecn  64°  and  66°  S.  lat.,  the  most  southern  latitude  reached  by  the 
'Challenger,'  depths  of  1,675,  1,800,  and  1,300  fathoms  were  obtained  • 
but  Ross  found  a  depth  of  only  260  fathoms  further  south,  near  the*  icy 
chffs  of  the  barrier.  This  Antarctic  land,  however,  is  almost  inaccessible 
as  It  is  completely  icebound.  Only  two  explorers  have  actually  landed 
within  the  Antarctic  Circle,  though  many  have  seen  land.  But  the  ice  in 
the  vicinity  so  blocks  up  all  approach  to  the  coast  and  hides  the  shore  that 
It  is  difficult  to  say  where  the  land  begins.  In  some  parts  a  line  of  icy 
chffs  150  to  200  feet  high,  and  called  the  '  Ice  Barrier,'  runs  along  the 
coast,  rendering  it  impossible  to  land,  whilst  in  other  places  there  stretches 
a  solid  mass  of  ice  pushed  off  the  land,  rising  5  or  6  feet  above  the  surface 
and  gomg  probably  to  a  depth  of  about  40  or  45  feet  below.  Ross  saw 
both  these  kinds  of  ice,  the  ice  cliffs  and  the  land  ice,  and  he  states  that 
the  ice  chffs  ('Ic€  Barrier ')  are  not  found  where  the  land  is  high  and 
mountainous. 

196.  Antarctic  Icebergs.— Most  of  the  icebergs  met  with  in  the  south 
polar  region  are  tabular  Jiat-topped  bergs,  and  are  probably  derived  from 
the  icy  barrier  already  mentioned.  They  are  often  bounded  by  almost 
perpendicular  sides,  showing  one  or  two  stories  of  upright  cliffs  with 
crevasses,  and  having  little  hillocks  of  drifted  snow  on  their  flat  tops.  The 
entire  mass  shows  a  well-marked  stratification,  being  composed  of  alternate 
layers  of  white  opaque-looking,  and  blue  more  compact  and  transparent 
ice.  The  general  mass  is  described  as  having  the  appearance  of  loaf  sugar, 
with  a  slight  bluish  tint,  excepting  where  fresh  snow  resting  on  the  top 
and  ledges  is  absolutely  white. 

The  colouring  of  the  crevasses,  caves,  and  hollows  is  said  to  be  a  pure 
azure  blue,  so  that  these  southern  bergs  are  magnificent  sights.  The 
Antarctic  bergs  also  differ  from  those  given  off  by  Arctic  glaciers  in  seldom 
bearing  any  visible  rocks,  stones,  or  dirt  on  their  surface,  though  it  is  pro- 
bable that,  in  the  lower  parts  of  the  bergs  under  water,  gravel  and  other 
debris  may  be  present.  They  are  also  met  with  several  degrees  nearer  the 
equator  than  the  north  polar  icebergs,  being  carried  by  the  flow  called  the 
Antarctic  Drift  Current.  Generally  speaking,  the  limits  are  ^';°S.  lat. 
and  40°  N.  lat.    (See  Map  VIII.) 

197.  Antarctic  Temperatures.— In  the  month  of  February,  in  lat. 
64°  37'  S.,  during  the  southern  summer  the  temperature  of  the  surface  water 
obtained  by  the  '  Challenger  '  was  32°  F.,  that  of  the  air  being  30'.  At 
a  depth  of  100  fathoms  a  temperature  of  29-2°  was  obtained,  but  at  300 
fathoms  the  temperature  rose  to  33°.  The  bottom  temperature  at  1,800 
fathoms  was  between  33°  and  29°,  This  comparatively  warm  water  at  a 
depth  of  300  fathoms  has  doubtless  flown  southwards  from  lower  latitudes 
to  replace  the  ice  and  cold  surface  water  drifted  northward  in  summer.  In 
the  Arctic  Ocean  there  is  kept  up  a  freer  circulation  than  in  the  Antarctic, 
for  the  warm  drift  from  the  Gulf  Stream  passes  into  it  between  Scandinavia 
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and  Greenland,  and  this  is  partly  compensated  by  the  cold  current  passing 
through  Davis  Strait  and  bringing  with  it  a  large  portion  of  the  winter  s 
ice.  '  A  circulation  similar  to  this  appears  to  be  entirely  wanting  in  the 
Antarctic  regions  ;  hence  their  icebound  character.' 


CHAPTER  X. 
THE  AJ'MOSPHERE. 

198.  Surrounding  the  crust  of  the  earth  on  all  sides,  and 
reaching  far  above  the  summits  of  the  mountains  as  well  as 
filling  the  deepest  cavities,  there  is  a  vast  invisible  ocean  of  gas 
or  vapour  which  we  call  the  air  or  atmosphere  (Gr.  atmos, 
vapour  ;  sphaira,  a  sphere).  This  aeriform  fluid  is  drawn 
towards  the  earth  and  kept  from  flying  off  into  space  by  the 
force  of  terrestrial  gravity,  and  it  thus  shares  in  all  the  move 
ments  of  rotation  and  revolution  of  the  solid  globe.  Animals 
and  plants  are  sub-aerial  beings,  that  is,  they  live  beneath  this 
air-ocean.  It  is  the  region  in  which  many  wonderful  pheno- 
mena of  nature  take  place — clouds,  fog,  rain,  snow,  hail, 
thunder,  lightning,  winds,  and  storms. 

199.  Composition  of  the  Atmosphere. — In  early  times  air  was  con- 
sidered as  one  of  the  elements  out  of  which  the  world  had  originated. 
Air,  however,  is  not  an  element,  nor  is  it  a  compound.  It  is  a  mixture  of 
gases,  that  is,  the  gases  composing  it  are  not  chemically  united,  but  merely 
in  a  state  of  admixture.  Dry  air  consists  of  the  three  gases — nitrogen, 
oxygen,  and  carbonic  acid — but  these  are  mixed  together  in  very  unequal 
proportions.  The  exact  proportions  of  these  gases  in  lOO  volumes  of  dry 
air  are  as  follows  : — 

Nitrogen  79-00 

Oxygen  20-96 

Carbonic  acid       .......  '04 

100-00 

From  this  table  we  learn  that  the  two  chief  gases  in  air  are  nitrogen  and 
oxygen,  and  that  there  is  nearly  four  times  as  much  nitrogen  as  oxygen. 
We  have  already  learnt  something  about  the  gas  oxygen — how  it  is  pre- 
pared, and  how  it  supports  combustion.  By  removing  the  oxygen  from  a 
closed  vessel  of  air  we  shall  have  nearly  pure  nitrogen  left.  To  do  this  we 
take  a  small  porcelain  capsule  (c,  fig.  83)  which  will  float  on  water,  and  put 
into  it  a  small  piece  of  phosphorus.  Set  the  phosphorus  on  fire  by  touching 
it  with  a  hot  wire,  and  immediately  invert  over  the  capsule  a  bell-jar  full  of 
air,  keeping  the  jar  well  under  water.  The  phosphorus  in  burning  takes  up 
the  oxygen  from  the  air  in  the  jar,  forming  dense  white  fumes  of  a  binary 
compound  called  phosphoric  pentoxide  (P2O5).    When  all  the  oxygen  has 

*  See  Note  in  Appendix. 
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been  used  up  the  phosphorus  goes  out.    The  oxirlr.  u 
down  and  dissolves  in\he  wat^  to  form  jTsphoric  a  id^  m^P^o'^f 
water  nses  :n  the  jar  to  take  the  place  of  tL  oJygen  use^uii^an^lU  t 

remains  about  four-fifths  full  of  a 
gas  which  is  quite  colourless  after 
all  the  white  fumes  have  disap- 
peared.  This  gas  is  the  nitrogin 
yf  the  air.  Nitrogen  is  a  very 
inert  gas.  It  will  neither  burn 
nor  support  combustion,  and  seems 
to  serve  mainly  for  the  purpose^  of 
diluting  the  oxygen  of  the  atmo- 
sphere. This  experiment  shows  us 
that,  roughly  speaking,  ordinary 
air  consists  of  four-fifths  nitrogen 
and  one-fifth  oxygen.  More  ac- 
curate experiments  show  that  in 
lOO  volumes  of  ordinary  air  the 

  proportions  are  those  given  in  the 

previous  table.    But,  besides  the 
Fig.  83.— Preparation  of  Nitrogen  from  Air.   nitrogen  and  oxygen,  the  air  always 

A-    'A   tnr^s  ,     .  contains  a  small  quantity  of  carbon 

dioxide  (CO,),  or  carbonic  acid,  as  it  is  also  called,  the  presence  of  which 
can  be  shown  by  leaving  a  saucer  containing  lime-water  exposed  to  the  air 
(or  some  time.    A  thin  crust  of  calcium  carbonate  will  then  be  formed  on 
the  surface  of  the  lime-water,  this  formation  of  calcium  carbonate  with 
lime-water  being  the  chemical  test  for  carbonic  acid.   The  amount  of 
carbonic  acid  is  only  -04  in  100  volumes,  or  4  volumes  in  every  10  000 
vokimes  of  air.    But  this  amount  varies  slightly,  being  a  little  more  in  krce 
towns  than  in  the  country.    We  have  already  learnt  that  when  coal  and 
wood  are  burnt,  the  carbon  in  these  substances  unites  with  the  oxygen  to 
form  carbonic  acid.    A  still  larger  quantity  of  this  gas  is  supplied  to  the 
air  by  living  animals.   In  breathing  air  is  taken  into  the  lungs  and  thence  into 
the  blood,  and  in  all  our  tissues  a  kind  of  slow  combustion  goes  on  The 
oxygen  of  the  air  unites  with  the  carbon  in  the  blood,  and  carbon  dioxide 
is  then  expired.    Decaying  plants  and  animals  also  when  freely  exposed  to 
the  air  give  off  this  gas,  and  it  is  one  of  the  gases  given  off  from  volcanoes 
Seeing  then  that  carbonic  acid  is  being  supplied  to  the  atmosphere  from 
all  these  sources,  it  may  be  asked  how  it  is  that  the  proportion  of  it  in  the 
atmosphere  does  not  increase.    The  explanation  is  that  the  green  parts 
of  living  plants  in  presence  of  the  sunlight  have  the  power  of  taking  the 
carbon  from  the  carbonic  acid  in  order  to  build  up  their  wood  and  other 
tissues ;  plants  decompose  the  carbonic  acid,  retaining  the  carbon  and 
setting  free  the  oxygen.    The  dry  air  of  the  atmosphere  is  always  in  a 
gaseous  state,  and  the  gases  composing  it  are  thus  constant  in  quantity  from 
year_  to  year  ;  and,  though  the  constituent  gases  have  different  specific 
gravities,  there  is  no  tendency  to  separation  among  them,  as  gases  diffuse 
uniformly  through  the  space  in  which  their  particles  are  free  to  move. 

Slight  quantities  of  a  gas  called  ammonia  are  present  in  the  air,  and  of 
an  active  form  of  oxygen  called  ozone,  as  well  as  minute  particles  of  solid 
matter  which  appear  as  dancing  motes  in  a  sunbeam  lighting  up  a  shady 
place.  But  besides  the  above  gases  there  is  always  a  quantity  of  water 
vapour  in  the  air,  and  this  quantity  does  not  remain  constant.  We  know 
that  when  a  vessel  containing  water  is  heated  till  it  boils  the  water  is 
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quickly  evaporated  and  passes  -to  the  d^^^^^ 

evaooration  is  coinc  on  continually  Irom  tne  suridcc  ui  ^     j-     1  r 
orwater-fron?  rivlr,  lake,  sea,  ami  very  slowly  ^-^"/-^  j.^^^^lS^^ 
In  ebullition  or  boiling  the  bubbles  o  vapour  are  gene  ated  hroughou 
the  mass  of  the  liquid,  rising  to  the  surface  ^' ^^^^J.^'^^i'^^^; 

process  of  evaporation  the  vapour  is  derived  f-^of^he  .surface  on^^^^^^^ 

Uatever  way,  however,  the  water  vapour  is  fo"^-.'^' ^^^.^^f^/^J^^,  IS^l 
change  on  account  of  the  aqueous  vapour  added  to 
invisible.  The  amount  of  water  vapour  present  in  ^''^^^^"f  J°"^\™7s 
from  day  to  day,  but  no  matter  how  warm  and  dry  the  day  is  there  is 
always  some  present.  This  may  be  proved  in  the  following  ways  Bring 
into  a  warm  room  a  tumbler  full  of  ice-cold  water,  .^^^  ""te  surface 
though  perfectly  dry,  soon  becomes  bedimmed  with  moisture.'  The  reason 
is  tilat  the  air  /ear  the  cold  glass  becomes  chilled,  and  as  cold  air  cannot 
retain  as  much  vapour  as  warm  air,  some  of  the  vapour  is  condensed  and 
deposited  on  the  sides  of  the  glass  like  dew.  Another  mode  of  proving 
that  air  always  contains  invisible  water  vapour  is  to  place  some  strong 
sulphuric  acid  in  a  vessel  and  leave  it  for  a  time.  This  substance  has  the 
povver  of  absorbing  water,  and  after  a  day  or  two  we  shall  be  able  to  see 
that  the  quantity  of  liquid  in  the  vessel  has  increased  owing  to  the  water 
vapour  absorbed  into  the  sulphuric  acid  from  the  air. 

200.  Hygrometers  and  the  Estimation  of 
Water  Vapour. — The  proportion  of  moisture  or 
water  vapour  in  the  atmosphere  is  constantly  vary- 
ing in  different  districts,  and  sometimes  from  day 
to  day  and  hour  to  hour  in  the  same  districts. 
It  is  seldom  completely  saturated,  nor  is  it  ever 
completely  dry.  The  proportion  by  volume  of 
water  vapour  in  the  air  of  our  climate  is  on  the 
average  nearly  i  per  cent.  The  amount  of  water 
vapour  that  the  air  will  contain  before  it  is  com- 
pletely saturated  varies  with  the  temperature,  and 
the  warmer  the  air  is  the  more  water  vapour  will  it 
hold.i  If  we  say  that  the  air  is  three-fifths  saturated 
we  mean  that  it  contains  only  three-fifths  of  the 
water  vapour  that  it  would  hold  at  that  temperature 
were  saturation  complete.  An  hygrometer  (Gr. 
hugros,  moist ;  7netron,  a  measure)  is  an  instrument 
for  measuring  the  degree  of  moisture  in  the  atmo- 
sphere. One  of  the  most  convenient  of  these  in- 
struments is  Mason's  Dry  and  Wet  Bulb  Thermo- 
meters. Two  similar  thermometers  are  placed  on  a  stand  side 
by  side,  one  of  them  having  its  bulb  covered  with  muslin, 

'  In  our  climate  the  air  is  saturated  with  six  grains  of  water  in  a  cubic 
foot ;  the  air  of  the  Indian  Ocean  will  hold  twice  as  much. 


Fig.  84. 
Wet-bulb 
Hj-grometer. 
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which  is  kept  constantly  moist  by  threads  connected  with  a 
vesse  of  water    The  threads  draw  up  the  water  by  caSry 
attraction,  and  thus  the  musUn  never  becomes  dry    This  mois 
tened  muslin  is  constantly  losing  its  water  by  evaporation,  and 
the  dryer  the  air  the  greater  is  the  rate  of  evaporation    But  as 
a  hquid  evaporates  heat  is  absorbed,  and  this  reduces  the  tern 
perature  of  the  wet  bulb.    The  more  rapid  the  evaporation  the 
greater  will  be  the  difference  of  temperature  shownTy  the  two 
thermometers.    Unless  the  air  is  saturated  with  moisture  tiie 
wet  bulb  always  indicates    alower  temperature  than  the' dry 
bulb    From  this  difference  by  means  of  tables  we  can  calculate 
the  degree  of  humidity  of  the  air,  the  quantity  of  vapour  in  a 
certain  volume  of  air,  and  the  deta-point  (see  fig.  84)     In  the 
figure  the  thermometers  are  Centigrade  thermometers,  and  the 
wet  bulb  indicates  a  temperature  of  12°  C.  (=  <:r6  F  ^  whil^ 
the  dry  bulb  indicates  17°  C.  (  =  62-6  F.).  ' 

201.  Height  of  Atmosphere.-Since  the  air  like  all  other  eases  v^,^, 
elastic  and  compressible,  that  portion  of  it  near  the  level  of  thfsL  win  1^ 
denser  than  the  air  near  the  tops  of  mountains,  beinR  presled  down  Z  Z  ' 
above.  The  higher  we  go  the  rarer  the  atm^spheSls  TiS  af  i  LT'^? 
of  about  seven  miles  it  becomes  so  thin  or  attenuated  thTt  breath L.S 
possible,  and  at  a  distance  of  forty-five  miles  it  has  been  estimated  to 
so  extremely  light  and  rare  as  to  be  inappreciable.    tSs  linfit  of  fortv  five 

T  ^T"^  ^^^^      ^^^^^^^  ^^e"  beyond  this,  for  meteors  or 

hooting  stars  have  been  found  to  be  visible  at  a  height  of  200  to  sS.  Sis 
and  this  could  only  be  because  they  had  become  ignited  owing  toTh^  ic 
tion  caused  by  their  rapid  passage  through  the  lir.  These  meteors  are 
comparatively  small  masses  of  matter  which,  passing  into  oui  atoosphere 
nr  felli  nn^T.'  f  ^o  mtensely  as  to  disappear  in!  train  of  bS  gis' 
or  fall  on  to  the  earth  as  aerolites  or  meteorites.  Specimens  have  been  picked 
up,  and  on  examination  they  are  found  to  consist  of  the  same  elements  as 
exist  on  our  earth,  native  iron  being  nearly  always  the  chief  ingredient 

202.  Pressure  of  the  Atmosphere—The  atmosphere  being  acted  upon 
by  the  force  of  gravity  exerts  a  certain  downward  pressure!  and  beX 
moreover,  a  flmd  transmits  this  pressure  in  all  directions.  All  fluids  (LaT 
/luo,  I  flow),  both  liquids  and  gases,  possess  this  property  of  transmitting 
pressure  in  all  directions,  while  a  solid  presses  downwards  only.  The  watef 
in  a  vessel  not  only  presses  against  the  bottom,  but  also  against  the  .ides  • 
the  air  in  a  room  not  only  presses  on  the  floor,  but  also  on  the  side  walls 
and  the  ceiling.  This  upward  pressure  of  the  atmosphere  may  be  shown 
by  a  simple  experiment.  Take  a  glass  tumbler  with  a  smooth  edge,  fill  it 
with  water,  and  carefully  close  the  mouth  with  a  sheet  of  writing-paper 
Keeping  the  paper  in  its  place  with  the  hand,  turn  the  glass  mouth  down- 
wards, and  then  remove  the  hand.    The  paper  remains  in  its  position  and 


The  Barometer 


the  water  does  not  fall  out,  as  it  is  supported  in  its  place  by  the  upward 
pressure  of  the  atmosphere.  A  man  of  ordinary  size  bears  a  pressure  of 
about  fourteen  tons,  but  we  are  not  conscious  of  this  atmospheric  pressure 
on  our  bodies,  as  the  pressures  in  various  directions,  downwards  as  well  as 
upwards,  on  the  left  as  well  as  on  the  right,  &c.,  neutralise  each  other,  and 
the  whole  of  these  pressures  on  the  outer  surface  is  counterbalanced  by  the 
pressures  from  within.  The  gases  and  liquids  in  the  tissues  of  our  bodies 
are  thus  acting  in  opposition  to  the  external  pressure  of  the  atmosphere, 
and  the  balance  is  so  nicely  adjusted  that  any  considerable  increase  ot 
diminution  in  either  the  external  or  internal  pressures  leads  to  serious  mis- 
chief. By  ascending  in  a  balloon  to  a  considerable  height,  where  the  air 
is  much  rarer  and  the  pressure  much  less  than  at  the  sea  level,  bleeding  from 
the  nose  and  other  unpleasant  symptoms  often  arise.  The  average  amount 
of  the  pressure  of  the  atmosphere  at  the  sea  level  is  nearly  fifteen  pounds 
(1473)  on  a  square  inch.  The  pressure  varies  a  little  at  certain  times  and 
in  certain  places,  and  it  is  important  that  we  should  be  able  to  estimate  the 
pressure  at  any  given  time  and  at  any  given  place  with  accuracy  The 
instrument  used  for  measuring  the 
pressure  or  weight  of  the  atmosphere 
is  called  a  barometer  (Greek  baros, 
weight  ;  and  metron,  a  measure),  and 
we  will  now  proceed  to  describe  the 
construction  and  use  of  this  instru- 
ment. 

203.  Construction  of  Barometer. 

Take  a  glass  tube  about  thirty-three 
inches  long,  closed  at  one  end  and  open 
at  the  other,  fill  this  tube  quite  full 
with  mercury,  and  closing  the  open  end 
with  the  thumb,  invert  it  in  a  cup  or 
cistern  of  mercury  so  that  the  open 
end  dips  beneath  the  surface.  You 
will  then  see  the  mercury  in  the  tube 
fall  for  a  short  distance,  but  a  column, 
the  top  of  which  is  about  thirty 
inches  in  perpendicular  height  from 
the  surface  of  the  mercury  in  the 
cistern,  remains  in  the  tube.  An 
Italian  philosopher  called  Torricelli 
was  the  first  to  make  and  reason 
upon  this  experiment  in  1643.  He 
argued  quite  correctly  that  the  column 
of  mercury  was  supported  in  the  tube 
by  the  external  pressure  of  the  atmo- 
sphere on  the  surface  of  the  mercury 
in  the  basin,  this  pressure  being  trans- 
mitted through  the  mercury  in  the  basin 
to  the  under  surface  of  the  mercury  in 
the  tube.  But  the  tube  being  closed 
above,  there  is  no  pressure  at  the  top,  'Ss— Filling  the  Barometer  Tube, 

and  the  space  above  the  mercury  in  the  tube  is  quite  empty,  and  is  known  as 
the  Torricellian  vacuum.  "Were  a  hole  made  through  the  closed  end  at  the 
top  of  the  tube,  the  upward  pressure  of  the  air  through  the  liquid  in  the 
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basin  would  be  just  counterbalanced  by  the  downward  pressure  of  the  air 
at  the  top  ;  the  mercury  would  then  fall  by  its  own  weight     Since  the 
pressure  of  the  atmosphere  just  balances  a  column  of  mercury  thirty  inches 
high  It  follows  that  if  we  can  fmd  the  weight  of  this  mercury  column  we 
shall  learn  the  weight  of  a  column  of  air  standing  on  a  base  of  the  same 
size  and  reaching  to  the  top  of  the  atmosphere.    It  is  found  that  a  column 
of  mercury  m  a  tube  having  a  sectional  area  of  one  square  inch  and  a 
height  of  thirty  inches  weighs  about  fifteen  pounds.    Hence  as  before 
stated,  the  weight  or  pressure  of  the  atmosphere  is  nearly  fifteen  pounds 
on  every  square  inch.    A  barometer,  then,  in  its  simplest  form  consists  of 
a  tube  dipped  mto  a  cistern  of  mercury,  and  containing  a  column  of  that 
liquid  supported  by  the  atmospheric  pressure  which  it  serves  to  measure 
The  height  of  the  column  is  the  perpendicular  difference  in  level  between  the 
surface  of  the  liquid  in  the  tube  and  in  the  cistern.    The  tube  and  cistern  are 
usually  attached  to  a  wooden  frame,  and  a  graduated  scale  divided  into  inches 
and  fractional  parts  is  placed  parallel  with  the  tube.    As  the  atmospheric 
pressure  varies,  the  height  of  the  mercurial  column  varies ;  mercury  is  forced 
into  the  tube  as  the  pressure  increases  ;  as  the  pressure  diminishes  mercury 
passes  from  the  tube  into  the  cistern.    In  Fortin's  barometer  the  base  of 
the  cistern  is  made  of  leather,  and  can  be  raised  or  lowered  by  means  of  a 
screw.    In  this  way  the  surface  of  the  mercury  in  the  cistern  can  be  kept  at 
a  constant  level,  so  that  the  graduation  on  the  scale  always  indicates  the  true 
height.  Other  forms  of  barometers  are  in  use,  but  a  good  cistern  barometer 
IS  the  best.    A  barometer  called  the  Aneroid  Barometer  (Gr.  a,  not  ;  neros 
moist)  has  lately  come  into  use,  and  is  found  to  be  very  convenient  for  some 
purposes,  as  it  requires  neither  mercury  nor  any  other  liquid.  It  consists  of 
a  cylindrical  metal  box  exhausted  of  air,  and  formed  of  corrugated  elastic 
metal.    In  the  interior  is  a  system  of  wheels  and  levers  connected  with  a 
pointer_  which  moves  over  a  graduated  scale.    As  the  pressure  of  the  atmo- 
sphere increases,  the  metallic  chamber  is  slightly  contracted,  and  this  move- 
ment is  carried  by  the  internal  mechanism  to  the  pointer.    A  decrease  of 
pressure  allows  the  box  to  expand  slightly,  and  the  pointer  is  moved  in  the 
opposite  direction.    The  positions  of  the  figures  on  the  scale  are  obtained 
in  the  first  instance  by  comparing  the  instrument  with  a  good  mercurial 
barometer. 

204.  Advantages  of  Mercury  for  Barometers.— Mercury  is  generally 
used  for  barometers  in  preference  to  other  liquids  because  it  is  the  heaviest 
of  all  liquids,  and  the  height  of  the  column  is  therefore  small  and  more 
easily  observed.  It  is  also  used  because  it  does  not  wet  the  glass,  and  be- 
cause it  does  not  evaporate  from  the  cistern.  If  water  were  used,  the  water 
barometer  would  be  nearly  thirty-four  feet  high  when  the  mercurial  column 
stood  at  30  inches  ;  for  the  specific  gravity  of  mercury  is  13-5,  that  of  water 

,  being  i  ;  and  30  inches  multiplied  by  13-5  is  neariy  34  feet.  Glyceritie, 
however,  is  sometimes  used.  The  length  of  its  column  is  rather  more  than 
ten  times  that  of  mercury,  and  hence  small  alterations  of  atmospheric  pres- 
sure cause  larger  and  more  distinct  changes  in  the  level  of  the  tube  than  in 
the  mercurial  barometer. 

205.  Density  and  Pressure  of  the  Atmosphere  at  DiiFerent  Heights.— 
The  pressure  of  the  air  decreases  gradually  as  we  ascend  above  the  sea  level. 
That  this  is  so  will  be  plain  when  we  consider  that  as  we  ascend  the  super- 
incumbent mass  diminishes  ;  the  higher  we  go  the  thinner  becomes  the 
layer  of  air  above  us.  But,  in  consequence  of  the  law  that  the  volume  of 
a  gas  is  inversely  proportional  to  the  pressure  to  which  it  is  subject,  the 
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density  of  the  air  diminishes  as  well  as  the  pressure 
atmosphere  divided  into  layers,  the 
more  compact  layers  will  be  at  the 
bottom,  just  as  in  a  stack  of  hay.  On 
the  summit  of  Mont  Blanc,  15,000  feet 
high,  the  barometer  only  indicates 
about  15  inches  pressure,  and  hence 
the  air  there  is  only  one-half  as  dense 
as  it  is  at  the  level  of  the  sea,  its  particles 
being  at  twice  the  distance.  In  other 
words,  a  given  weight  of  air  will  occupy 
twice  the  volume  that  the  same  weight 
occupies  at  the  sea  level.  Hence  at 
great  heights  animal  life  cannot  be  sup- 
ported (see  par.  201).  As  the  barometer 
talis  the  higher  we  ascend,  it  is  plain 
that  if  we  knew  the  law  by  which  this 
fall  takes  place,  we  could  ascertain  the 
height  of  a  mountain  by  means  of  the 
instrument.  The  law  is  rather  com- 
plicated, but  for  small  elevations  a  fall 
of  I  inch  in  the  barometer  indicates  a 
height  of  900  ft.  A  better  but  still 
only  an  approximate  rule  is,  '  Observe 
the  heights  of  the  barometer  at  the 
bottom  and  at  the  top  of  the  mountain  ; 
divide  the  difference  of  the  heights  by 
the  sum,  and  multiply  the  result  by 
52,428  :  this  will  be  the  height  of  the 
mountain  in  feet.'  The  use  of  the 
barometer  to  measure  heights  is  often 
of  great  advantage  to  travellers.^ 

The  diagram  represents  a  natural 
section  of  the  atmosphere.  On  the 
left  is  shown  the  height  in  miles  above 
the  sea  level,  while  on  the  right  is 
shown  the  corresponding  heights  of 
the  barometer  in  inches.  A  indicates 
the  highest  peak  in  the  Himalaya 
Mountains  (29,000  feet)  ;  B,  the  height 
(23,019  feet)  attained  by  Gay  Lussac 
in  a  balloon  in  1804  (Mr.  Glaisher 
and  Mr.  Coxwell  reached  a  height  of  Sea  level 

37,000  feet,  or  7'I37  miles,  in  1862) ;  c  

C,  Dolcoath  mine,  in  Cornwall,  1,560 
feet  (the  deepest  mine  is  now  2,800 
feet) ;  D,  a  depth  of  nearly  9  miles. 
But  no  such  depth  has  really  been  ^ 
found,  the  deepest  reliable  sounding 
being  up  to  the  present  only  28,000 
feet,  or  nearly  5I  miles,  off  the  coast  of 
Japan. 
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Fig.  86. — Section  of  Atmosphere. 


'  Mr.  Whymper's  barometer  gave  a 
summit  of  Chimborazo,  20,500  feet  high. 


reading  of  14' i  inches  on  the 
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of  th^ttlSh™^  °"'>'  pressure 

at  different  ^>laces  on'  the  caXanTa  ^'  t  V^^lLfJ::  T^^''^^' 
times.  The  two  chief  causes  of  this  variation  a  elrmh?  '^'^"'""^ 
ratureoflheair;  (2)  the  varying  quantitrof  anueoil  '"^ 
It  is  a  general  rule  that  the  baroLlr  u  ually  f2  wEen  theThr  '''' 
rises,  and  the  barometer  usually  rises  when  the  th^rm^  f  thermometer 
heat  that  causes  the  thermometer  to  rLe  expands  th^.i^  '^^'V"''  '  ^"^^ 
overflows  into  the  neighbouring  regions  f^an^^^ 

sphere  being  thus  diminished.  LTrc^n^eLr  flus  ^  o"^^^^  ^^"^r 
when  the  thermometer  falls,  owing  to  a  dTm  nution  T  hand, 
contracts,  and  this  produces  an  inL^  frorre' ne\tSg^^^^^^ 
consequently  an  mcrease  of  pressure  and  a  rise  of  thela  omS  ThiSnflu^ 
of  air  is  generally  accompanied  by  descendinc  currents  whi^  ;n  1  • 
of  the  air  causes  ascending  currents  Thus  wh  Jr?  ,L  an  expansion 
currents  in  the  atmosphere  the  Sessure  wil7i'  T  t'-^""ding 

are  ascending  currents'  in  th"  a'trs^her:' he  p Ss^ur^ti? 
Remembering  that,  generally  speaking,\he  heatLTwer  ofTh!  . 
IS  greatest  at  the  equator  and  decreases  towards  the  "^^^ 
that  the  heated  air  near  the  equator  exmn7.  £.       ^1°^^"'       "^^^  ^''P^'^* 
therefore  the  pressure  will  ^  'iTjtS:^^^^^^^^^ 

But,  owing  to  the  spherical  form  of  the  earth  the  air  fln.Cl£^Z  "^t^* 
poles  moves  into  a  region  becoming  narrowed  Sd  n  '0;^^^^^^^^^^ 

and  water  are  very  different,  variations  of  tempeSture,  and  tSeW  ^^^^ 

Swater  ^The"' th  '  ^Tf  ^°  ^^^^^^  ™  -^^^her'  trsurtets  land 
Z7fn  L  '^'^^  °f  differences  in  barometric  pressure  k 

due  to  the  varying  quantity  of  water  vapour  in  different  places   and  even 
m  the  same  places  from  day  to  day. '    Water  vapour  is  mS  iVhter  than 
air,  and  the  addition  of  a  considerable  quantity  of  vapou7"^serthe  vres 
sure  of  the  atmosphere,  and  causes  the  barometer  to  fall,  the  Sure  ^f  S 
and  vapour  being  lighter  than  dry  air.   In  regions  like  the  AntTrSk  Qrck 

hATmnJf '  "  ^r^^'^  °^  ^"P°"^'  barometer  stanS  low  bS 
nVrl?      7"^  '^"^"^'ty     "^^^ly  ^l^^ys  changing,  sometimes 

r/sedTn^o  ^'if'i  ^^^P°^^ti°".  sometimes  diminishing  from  being  con 
densed  into  ram,  hail,  or  snow.  A  fuller  account  of  thi  regions  of  high 
and  low  pressure  is  contained  in  '  Advanced  Physiography.' 

207.  Mr.  R.  H.  Scott  gives  the  following  statements  from 
Professor  Mohn's  '  Treatise  on  Meteorology  :  '— 
The  barometer  stands  high — 

(I)  When  the  air  is  very  cold,  for  then  the  lower  strata  are  denser  and 
more  contracted  than  when  it  is  warm. 

S^J  '^'■y*  ^""^  ^^^"^       ^^"^^"^  than  when  it  is  moist. 

(3)  When  m  any  way  an  upper  current  sets  in  towards  a  given  area,  for 
this  compresses  the  strata  underneath. 

_  '  Between  the  tropics  the  diurnal  variation  amounts  to  one-tenth  of  an 
inch,  there  being  two  highest  and  lowest  points  at  regular  periods  of  the 
day.  In  the  temperate  zones  the  diurnal  variation  is  less,  and  not  easily 
observed  owing  to  its  occurrence  in  conjunction  with  accidental  variations 


^40  Elementary  Physiography 

Conversely,  the  barometer  stands  low— 

(1)  When  the  lower  strata  are  heated,  causing  the  surfaces  of  enuai 
pressure  to  rise  and  the  upper  layers  to  slide  of^  as  a  ready  descrS 

Jeduc^ei  °^      ^""'''^"^       '^'^'^^  ""^^  °f  arL  below  t 

(2)  When  the  air  is  damp,  for  as  the  density  of  aqueous  vapour  at  the 
temperature  of  60°  and  pressure  of  30  in.  =  o-622,\ir  S  ,  he 
mixture  is  lighter  the  more  vapour  it  contains,  and  consequently  damn  air 
does  not  press  so  heavily  as  dry  on  the  unit  of  area  below  ^ 

(3)  When  the  air  from  any  cause  has  an  upward  movement,  for  this  of 
course  acts  in  the  same  manner  as  (i), 

208.  Isobars  (Gr.  isos,  equal  ;  baros,  weight).— Isobars  are 
lines  drawn  through  places  having  an  equal  barometric  pressure 
during  a  certain  period.  They  may  be  drawn  for  each  month 
or  season,  or  for  the  whole  year.  These  isobars  are  usually 
drawn  at  differences  ofT-Vof  an  inch.  In  the  Tivies  newspaper 
there  is  each  day  a  chart  of  North-western  Europe,  on  which 
the  isobars,  the  temperature,  and  the  direction  and  force  of  the 
wind  are  shown  for  the  previous  day.  On  the  accompanying 
map  are  drawn  isobars  through  those  places  having  the  same 
average  pressure  during  the  month  of  July.  If  we  were  to 
compare  it  with  one  for  January  we  should  easily  see  how  the 
pressure  is  affected  in  some  districts  by  the  season  of  the  year 
(being  usually  less  in  summer  than  in  winter),  and  how  the  land 
and  water  cause  local  differences  of  pressure. 

Thus  in  January  we  find  a  pressure  of  nearly  one  inch  more 
in  Central  Asia  than  we  do  during  the  great  heat  of  July,  while 
over  the  oceans  generally,  except  in  the  higher  northern  latitudes, 
the  pressure  is  more  regular  during  the  year  than  over  the  land! 
Taking  the  surface  of  the  globe  as  a  whole,  we  find  that  there 
are  two  belts  of  high  pressure  passing  round  the  globe,  one  on 
each  side  of  the  equator.  Between  these  two  lies  a  belt  of  low 
pressure  in  the  tropical  regions,  the  lowest  mean  pressure  of  this 
belt  being  near  the  equator.  Two  other  regions  of  low  pres- 
sure surround  the  poles,  the  one  round  the  north  pole  being 
divided  into  two  centres. 

209.  Eelation  of  Barometric  Variations  to  the  State  of  the  "Weather. 

In  Ganot's  'Treatise  on  Physics,'  as  edited  by  Professor  Atkinson,  the 
lollowmg  remarks  are  made  under  this  head 

'It  has  been  observed  that,  in  our  climate,  the  barometer  in  fine 
weather  is  generally  above  30  inches,  and  is  below  this  point  when  there 
IS  ram,  snow,  wind,  or  storm  ;  and  also  that  for  any  given  number  of  days 
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at  which  the  barometer  stands  at  30  inches  there  are  as  many  fine  as 
rainy  days.  From  this  coincidence  between  the  height  of  the  barometer 
and  the  state  of  the  weather  the  following  indications  have  been  marked  on 
the  barometer,  counting  by  thirds  of  an  inch  above  and  below  30  inches  : — 
Height  State  of  the  Weather 

31  Very  dry 

Settled  weather 
Fine  weather 
Variable 
Rain  or  wind 
Much  rain 
Storm 

'  In  using  the  barometer  as  an  indicator  of  the  state  of  the  weather  we 
must  not  forget  that  it  really  only  serves  to  measure  the  weight  of  the 
atmosphere,  and  that  it  only  rises  or  falls  as  the  weight  increases  or 
diminishes  ;  and  although  a  change  of  weather  frequently  coincides  with  a 
change  in  the  pressure,  they  are  not  necessarily  connected.  This  coinci- 
dence arises  from  meteorological  conditions  peculiar  to  our  climate,  and 
does  not  occur  everywhere.  That  a  fall  in  the  barometer  usually  precedes 
rain  in  our  latitudes  is  caused  by  the  position  of  Europe.  The  prevailing 
winds  here  are  the  south-west  and  north-east.  The  former,  coming  to  us 
from  the  equatorial  regions,  are  warmer  and  lighter.  They  often,  there- 
fore, blow  for  hours  or  even  days  in  the  higher  regions  of  the  atmosphere 
before  manifesting  themselves  on  the  surface  of  the  earth.  The  air  is 
therefore  lighter,  and  the  pressure  lower.  Hence  a  fall  of  the  barometer 
is  a  probable  indication  of  the  south-west  winds  vyhich  gradually  extend 
downwards,  and  reaching  us,  after  having  traversf  d  large  tracts  of  water, 
are  charged  with  moisture  and  bring  us  rain. 

'  The  north-east  wind  blows  simultaneously  above  and  below,  but  the 
hindrances  to  the  motion  of  the  current  on  the  earth  by  hills,  forests,  and 
houses  cause  the  upward  current  to  be  somewhat  in  advance  of  the  lower 
ones,  though  not  so  much  so  as  the  south-west  wind.  The  air  is  therefore 
somewhat  heavier  even  before  we  perceive  the  north-east,  and  a  rise  of  the 
barometer  affords  a  forecast  of  the  occurrence  of  this  wind,  which,  as  it 
reaches  us  after  having  passed  over  the  immense  dry  tracts  of  land  in 
Central  and  Northern  Europe,  is  mostly  dry  and  fine.  When  the 
barometer  rises  or  sinks  slowly,  that  is,  for  two  or  three  days,  towards 
fine  weather  or  towards  rain,  it  has  been  found  from  a  great  number  of 
observations  that  the  indications  are  then  extremely  probable.  Sudden 
variations  in  either  direction  indicate  bad  weather  or  wind.' 

210.  Corrections  of  the  Barometer. — In  making  accurate  observations 
corrections  have  to  be  applied  to  the  barometer — (i)  for  the  height  of  the 
observing  station  above  the  sea  level ;  (2)  for  temperature.  In  order  to 
compare  barometric  indications  taken  at  different  places,  it  is  necessary 
to  reduce  them  to  a  common  height,  and  the  sea  level  is  taken  as  the 
standard  height.  The  higher  the  place  is  above  the  sea  level  the  lower 
will  be  the  reading  of  the  barometer.  The  rule  applicable  to  the  estima- 
tion of  heights  already  referred  to  is  made  use  of  for  this  purpose.  The 
correction  for  temperature  is  necessary  because  the  mercury  expands  and 
contracts  for  differences  of  temperature,  and  hence  different  atmospheric 
pressures  might  indicate  the  same  height  if  the  temperature  varied.  Hence 
barometers  usually  have  a  thermometer  attached  in  order  to  show  the 
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temperature  at  the  time  of  observation.    The  rule  often  riven  is  '  Deduct 

^C:t^'^"^f^r'     -^'^  '''""r'  '1^^'^  f"^  ^^'^'^  degree  of  Fah7enhei 
2?  Observations  are  thus  reduced  to  a  common  temperature. 

211.  Temperature  of  the  £.xx.~Hnw  the  Air  is  heated.~\^^  have 

bv^iSn?P?Jr  .r  ^""^       temperature  of  the  air  is  ascertained 

by  means  of  the  thermometer,  and  we  have  now  to  explain  how  the  air  is 
heated  and  in  what  way  its  temperature  varies.  The  earth  receives  nearly 
the  whole  of  its  yearly  supply  of  heat  from  the  rays  of  the  sun,  the  suddIv 
that  comes  from  the  interior  being  inappreciable  at  the  surface  Dr 
Haughton  says,  '  The  heat  received  from  the  interior  of  the  earth  at  present 
IS  sufficient  to  melt  a  layer  of  ice  one  quarter  of  an  inch  in  thickness  all 
over  the  surface  of  the  globe  ;  while  that  received  from  the  sun  would  melt 
a  layer  forty-six  feet  in  thickness,  being  thus  2,208  times  greater  than  the 
heat  derived  from  the  interior.'  If  there  were  not  water  vapour  in  the 
atmosphere  the  rays  of  heat  from  the  sun  would  pass  through  it  without 


Fig.  87. 

suffering  loss,  and  a  great  portion  of  what  reached  the  earth  would  then  be 
absorbed  by  the  rocks  and  soil  covering  its  surface.  But,  as  the  air  always 
contains  more  or  less  aqueous  vapour,  there  is  a  certain  quantity  of  the 
sun's  rays  absorbed  by  the  atmosphere,  and  the  greater  the  distance  of  air 
through  which  the  sun's  rays  pass,  and  the  richer  the  strata  of  air  are  in 
this  water  vapour,  the  greater  is  the  number  of  the  sun's  rays  that  are 
absorbed.  As  the  rays  of  the  sun  pass  through  a  much  larger  thickness  of 
air  in  the  morning  and  at  night  than  during  the  middle  of  the  day,  the 
amount  of  heat  that  reaches  the  earth  is  made  less  at  these  times  than  at 
noon.  Hence  the  greater  warmth  of  the  sun's  rays  at  midday.  It  has 
been  estimated  that  in  this  way  a  vertical  beam  loses  about  20  per  cent, 
of  its  heating  power,  and  that  in  the  morning  or  evening  the  loss  is  nearly 
95  per  cent.    The  average  loss  in  our  latitudes  is  nearly  50  per  cent. 

There  is  also  another  reason  why  it  is  warmer  at  noon  than  in  the 
morning  or  evening.  If  we  imagine  a  cylindrical  beam  of  rays  of  a  certain 
size  striking  the  earth,  we  shall  easily  see  that  when  these  rays  come 
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nerDendicularlv  they  fall  on  a  much  less  surface  than  when  they  fall 
ffimely     The  heZting  power  of  such  a  beam  is  concentrated  on  a  smaller 

:r  thJ  more  nearly  vLtical  the  beam  is     F-^.r^'^eo'eTents  th 
warmer  near  the  equator  than  near  the  poles     ^  f"  ^7  re  resen^s  the 
earth,  the  axis  being  in  the  position  with  regard  to  the   un  that  ^  has  on 
March  21  and  September  23.    The  sun  is  supposed  to  j^^J^^  an  immense 
distance  to  the  right,  and  his  rays  are  represented  as  c°>"3"g  f  f^^^  ^ 
lines  towards  the  earth.    The  half  meridian  circle  is  divided  into  equd 
parts  of  10°  each,  9  parts  being  included  between  A  and        ^^'^  ffy;° 
see  that  the  rays  strike  the  earth  more  obliquely  as  they  fP-^f^^  the  pole 
If  we  suppose  each  pair  of  lines  to  represent  a  bundle  of  rays,  we  see  tnai 
each  of  these  bundles  becomes  narrower  towards  the  poles,  and    ha  , 
therefore,  each  of  the  equal  strips  of  10°  gets  a  smaller  q^^^^ity  of  light 
and  heat  as  we  leave  the  equator.     The  outer  circle  repre  ents  he 
atmosphere,  and  here  also  we  see  how  the  distance  of  the  ray  through  the 
atmosphere  increases  as  we  approach  the  poles.    For  i  A  is  shorter  than 
2D,  still  shorter  than  3E,  and  still  shorter  again  than  4I .  „    ^  . 

Of  those  rays  that  reach  the  surface  we  find  that  some  are  reflected  or 
thrown  back,  but  that  they  are  mostly  absorbed  by  the  ground  and  then 
slowly  radiated  back.  Both  the  rays  that  are  reflected  and  those  that  are 
absorbed  heat  the  air  ;  for  these  ravs  are  rays  of  dark  heat,  unlike  the  sun  s 
luminous  rays,  and  can  be  absorbed  in  great  part  by  the  overlying  atmo- 
sphere. As  was  explained  in  par.  66,  the  presence  of  water-vapour  in  the 
atmosphere  greatly  checks  radiation  from  the  earth,  the  moisture  acting  as  a 
screen  or  covering  spread  over  the  earth,  allowing  the  luminous  rays  from 
an  intensely  heated  source  like  the  sun  to  pass  through  rather  freely,  but 
restraining  the  non-luminous  rays  from  a  source  of  lower  temperature  like 
the  heated  earth.  Gradually,  however,  the  warmth  passes  from  the  lower 
into  the  upper  atmospheric  strata,  and  is  then  lost  by  radiation  into  the 
intensely  cold  regions  of  space,  the  loss  being  about  equal  to  what  is  received. 

212.  Mean  Tetnperahires.'—T'hQ.  average  temperature  of  the  day  may 
be  found  by  taking  the  temperature  cveiy  hour  and  dividing  by  twenty- 
four,  though  it  is  generally  sufficient  to  take  only  two  observations,  one  at 
9  A.M.  and  one  at  9  P.M.,  and  divide  by  two.  The  average  temperature 
for  any  month  may  be  obtained  by  dividing  the  sum  of  the  daily  averages 
by  the  number  of  days  in  the  month,  and  the  yearly  average  by  dividing 
the  sum  of  the  monthly  average  by  twelve.  The  hottest  part  of  a  clear 
day,  as  shown  by  the  shade  thermometer,  is  usually  about  two  o'clock  in 
the  afternoon,  and  the  coldest  part  is  in  the  early  morning  about  four 
o'clock.  The  hottest  period  of  the  year  in  the  Northern  Hemisphere  is 
towards  the  end  of  July,  for  during  the  summer  the  heat  has  been  accumu- 
lating owing  to  the  amount  of  heat  received  from  the  sun  being  then 
greater  than  that  lost  by  radiation. 

213.  The  Temperature  depends  on  Latitude.— Yxom  what  has  just  been 
said,  and  from  the  fact  that  the  solar  rays  are  nearly  vertical  at  and  near 
the  equator,  we  see  that  the  equatorial  belt  of  the  globe  will  have  the- 
highest  temperature,  and  that,  generally  speaking,  the  further  we  go  from 
the  equator  the  colder  will  it  become,  the  angle  at  which  the  solar  rays 
strike  the  earth  diminishing  as  we  pass  towards  the  poles  (fig.  87).  If, 
then,  there  were  no  other  cause,  we  should  have  a  regular  diminution  of 
temperature  from  the  equator  to  the  poles,  and  every  place  in  the  same 
latitude  would  have  the  same  temperature.  But  we  know  that  this  is  not 
the  case,  even  at  the  same  height  above  the  sea  level.    When  we  examine 


146 


Elcmeyitary  Physiography 


a  chart  of  the  world  on  which  isotherms  (Gr.  isos,  equal ;  thermos,  heat) 
are  drawn  through  places  having  the  same  temperature  of  the  air  during  a 
given  period,  we  see  that  these  lines  are  very  irregular  and  vary  considerably 
at  different  seasons,  especially  over  continental  areas.  On  referring  to  the 
maps  on  which  the  isothermal  lines  are  drawn  for  January  and  July  it  will 
be  seen  how  very  irregular  these  lines  are  in  the  Northern  Hemisphere,  and 
how  comparatively  regular  they  are  in  the  Southern  Hemisphere,  w'here 
there  is  a  great  preponderance  of  water.  These  lines  thus  show  that  tem- 
perature depends  more  on  latitude  in  the  great  oceanic  areas  of  the  globe 
than  in  the  continental  areas,  or  in  the  regions  where  the  sea  and  land 
come  together.  As  a  rule,  the  Northern  Hemisphere  is  seen  to  be  warmer 
on  the  average  than  the  Southern,  except  in  high  latitudes, '  where  the  con- 
verse is  true,  the  land  also  being  generally  warmer  than  the  sea  in  low 
latitudes,  but  colder  in  higher  latitudes.  They  also  show  that  the  district 
of  greatest  heat,  especially  in  summer,  is  the  interior  of  continents,  the 
deserts  of  Africa  and  Persia  having  a  July  temperature  of  90°.  The  tem- 
perature of  the  sandy  ground  in  these  parts  is  often  above  160°  F.  There 
must  therefore  be  some  other  causes  modifying  the  effect  of  position  as 
regards  the  equator.  Among  these  are  the  prevailing  winds,  proximity 
to  the  sea,  position  of  mountain  chains,  and  the  altitude  of  the  land. 
We  shall  now  discuss  this  last,  leaving  the  others  till  we  speak  of  Climate. 

214.  Tempe7-ature  depends  on  Height  above  the  Sea  Level. — Since  the 
first  effect  of  the  sun's  heat  after  it  has  warmed  the  surface  of  the  earth  is 
to  warm  the  parts  of  the  atmosphere  in  contact  with  the  surface,  and  since 
this  warmth  is  but  slowly  passed  on  through  the  higher  layers,  we  find  that 
the  air  near  the  surface  is  warmer  than  the  air  above.  But  there  are  other 
reasons  why  the  air  is  colder  at  a  distance  from  the  surface. 

It  is  quite  true  that  on  high  mountains  the  intensity  of  the  solar  radia- 
tion is  greater  than  in  the  valleys,  and  that  therefore  the  traveller  who  is 
there  exposed  to  the  direct  rays  of  the  sun  may  have  his  skin  blistered  by 
the  great  heat,  though  another  in  the  shade  may  feel  great  cold.  But  this 
heat  is  not  communicated  to  the  air  ;  for  the  air  becomes  rarer  the  higher 
we  ascend,  and  also  holds  less  moisture.  Consequently  it  is  but  little 
heated  either  by  the  luminous  rays  of  the  sun  or  by  the  rays  radiated  from 
the  rocks.  There  is  thus  no  protective  water- vapour  in  the  atmosphere 
to  check  the  rapid  radiation  into  space  when  the  sun  is  not  shining,  and 
there  is  thus  no  store  of  heat  retained  in  the  soil  as  at  low  levels. 

Another  property  of  air  also  tends  to  diminish  the  temperature  at  great 
heights.  When  a  mass  of  air  expands,  heat  is  used  up  to  perform  this 
work  and  the  air  becomes  cooler.  Warm  winds,  therefore,  from  a  valley, 
when  forced  up  the  sides  of  a  mountain,  expand  in  consequence  of  the 
diminished  pressure  at  the  greater  height,  and  in  expansion  become  greatly 
cooled.  This  diminution  of  temperature  in  ascending  currents  is  greater 
with  a  dry  wind  than  with  a  moist  wind,  as,  in  the  latter  case,  while  heat 
is  lost  through  expansion,  some  is  gained  by  the  vapour  that  condenses 
giving  up  its  latent  heat,  so  that  this  latent  heat  lessens  the  rate  of  cooling. 
The  diminution,  too,  is  greater  during  the  day  than  during  the  night ; 
greater  in  summer  than  in  winter.  In  severe  frosts,  indeed,  the  tempera- 
ture may  rise  with  height,  instead  of  falling,  all  the  cold  dense  air  remaining 
in  the  lowlands  beneath.    We  thus  see  that  the  lower  temperature  of  the 


*  High  latitudes  are  latitudes  near  the  poles ;  and  low  latitudes,  lati- 
tudes near  the  equator. 
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air  at  greater  heights  is  due  to  two  chief  causes,  the  diminishing  thinness 
and  dryness  of  the  protective  coating  of  the  atmosphere  and  the  disappear- 
ance of  heat  consequent  on  the  expansion  of  the  ascending  air-currents. 

This  vertical  distribution  of  temperature,  as  it  is  called,  to  distinguish  it 
from  the  horizontal  distribution,  shown  by  the  isothermal  lines,  which  show 
the  temperatures  at  the  surface,  may  be  reduced  to  a  general  rule.  The 
rate  of  diminution  may  be  taken  on  the  average  at  a  fall  of  i°  F.  for  every 
300  feet  of  ascent. 

215.  Land  and  Sea  Breezes.— Winds  are  movements  of  air  in  currents 
from  one  part  of  the  atmosphere  to  another.  They  are  caused  by  variations 
in  the  condition  of  the  air  in  respect  to  heat  and  moisture,  and,  as  these 
variations  produce  differences  in  atmospheric  pressure,  movements  are  set 
up,  there  being  al- 
ways an  inflowing 
towards  regions  of 
low  pressure.  We 
shall  here  confine 
ourselves    to  the 

local     movements  „     „„    t     i  tj       1,  -kt-  u.. 

called  land  and  sea  _  Fig.  88.-Land  Bree.e  by  N.ght. 

breezes.  These  occur  chiefly  on  the  coasts  of  tropical  countries,  though 
they  are  also  found  during  warm  weather  in  our  own  islands,  when  not 
overpowered  by  a  strong  general  wind.  They  are  more  frequent  about 
islands  and  small  peninsulas  than  in  other  situations.  They  blow  alter- 
nately from  the  sea  on  to  the  adjacent  land  (sea  breeze),  and  from  off  the 
shore  to  the  sea  (land  breeze).  A  little  before  noon  the  sea  breeze  begins 
in  the  offing  and  gradually  extends  to  the  coast,  lessening  and  dying  away 
towards  the  evening.  A  short  period  of  calm  follows,  and  then  some  time 
before  midnight  the  land  breeze  comes  from  the  shore  and  blows  towards 
the  sea  until  six  or 

seven  o'clock  A.M.  ^ 

These    winds    are   ^ 

due  to  the  different 
manner  in  which 
the  sun's  heat  af- 
fects the  land  and 
water,  and  also  to 
the  different  radiating  power  of  the  two  surfaces.  The  surface  of  the  sea 
is  not  raised  to  so  high  a  temperature  during  the  day  as  the  surface  of  the 
land,  partly  because  the  solar  heat  penetrates  further  into  the  water  than 
into  the  land,  but  chiefly  owing  to  the  greater  specific  heat  of  water  (see 
par.  63),  in  consequence  of  which  it  requires  nearly  five  times  as  much 
heat  to  raise  its  temperature  one  degree  as  the  rocks  forming  the  land 
surface  require. 

On  the  other  hand,  the  sea  does  not  lose  so  much  heat  at 
night  by  radiation  as  the  land  does,  and  accordingly  it  preserves 
a  comparatively  equable  temperature  throughout  the  day.  The 
temperature  of  the  land  surface  thus  undergoes  far  greater 
changes  of  temperature  than  the  sea  surface,  and  this  is  of 
course  also  true  of  the  air  lying  above  both.    Calm  prevails  as 

L  2 


Fig.  89.— Sea  Breeze  by  Day. 
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long  as  the  temperatures  over  land  and  sea  are  the  same  • 
but  as  the  solar  rays  become  hotter  towards  noon,  the  mor^ 
strongly  heated  land  communicates  its  heat  to  the  overlying  air, 
and  this  causes  it  to  expand  and  become  rarer.  A  diminution 
of  pressure  on  the  land  surface  is  the  result.  In  the  higher  air 
regions  above  the  land  there  is  an  overflow  of  the  air  outwards 
from  the  heated  part  towards  the  cooler  air  at  some  distance 
over  the  sea.  Hence  the  pressure  over  the  sea  rises,  and  very 
soon  afterwards  an  equalising  air  current  arises  in  the  loiiuer 
parts  of  the  atmosphere  and  flows  inwards  towards  the  heated 
land,  and  is  therefore  called  a  sea  breeze.  The  strength  of  the 
sea  breeze  is  not  always  the  same.  It  increases  until  the 
difference  of  temperature  between  the  land  and  sea  is  at  its 
maximum,  and  then  gradually  diminishes  until  about  equal 
temperatures  are  found. 

As  soon  as  the  sun's  rays  cease  the  land  cools  down  much 
more  quickly  than  the  sea,  and  hence  the  temperature  of  the 
air  above  the  land  falls.  The  air  masses  over  the  land  thus 
contract  and  the  pressure  increases.  There  is  therefore  above 
a  current  of  air  from  the  sea  towards  the  land,  which  assists  in 
increasing  the  pressure  over  the  land  and  diminishes  it  over  the 
sea.  In  accordance,  then,  with  the  general  law  that  currents 
blow  from  regions  of  high  pressure  to  those  of  lower  pressure, 
an  equalising  stream  sets  in  from  the  land  towards  the  sea  and 
so  develops  a  land  breeze.  The  time  during  which  a  land 
breeze  blows  is  usually  from  an  hour  or  two  before  midnight 
until  six  or  eight  o'clock  in  the  morning. 

Diurnal  winds,  similar  to  land  and  sea  breezes,  termed  mountain  and 
valley  winds,  prevail  in  some  mountainous  districts.  The  slopes  of  the 
mountain  exposed  to  the  sun's  rays  become  more  heated  during  the  day 
than  the  land  surface  of  the  valley,  and  the  air  resting  on  the  slope 
becoming  hotter  than  that  in  the  valley  flows  off  above.  A  difference  of 
pressure  is  thus  set  up,  and  a  surface  wind  blows  up  the  valley  by  day. 
At  night  the  slope  of  the  mountain  quickly  cools,  and  the  air  resting  upon 
it  becomes  denser  than  that  in  the  valley.  A  breeze  from  the  mountain 
then  passes  down  the  valley  in  the  night. 

2i5rt.  Trade  "Winds,  Monsoons  and  Cyclones. — Near  the  earth's  equator, 
under  the  vertical  rays  of  the  sun,  there  is  enormous  evaporation  and  great 
heating  of  the  surface  with  consequent  heating  of  the  air  resting  upon  it. 
Hence  arises  an  equatorial  belt  of  low  pressure  (referred  to  in  par.  206), 
for  the  hot  moist  air  expands,  and  ascending  flows  off  above  towards  the 
poles,  thus  reducing  the  atmospheric  pressure  near  the  equator.  This 
equatorial  belt  of  low  pressure,  a  few  degrees  in  breadth,  forms  a  zone  of 
calms,  with  frequent  heavy  rains  often  accompanied  by  violent  thunder- 
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Storms.  This  belt  of  calms  (Doldrums)  advances  towards  the  north  m  summer, 
as  the  sun  is  then  above  the  equator,  and  towards  the  south  in  winter,  as  the 
sun  is  then  below  the  equator.  In  fact,  it  follows  the  thermal  equator,  as 
the  line  along  which  the  greatest  heat  on  the  earth's  surface  at  any  season  is 
called.  The  expanded  and  rising  air  of  the  calm  belt  leads  to  the  steady 
inflow  of  surface  winds  from  re- 
gions of  greater  pressure  in  higher 
latitudes  towards  the  equator.  If 
the  earth  were  at  rest,  a  north 
wind  would  prevail  at  the  north 
side  of  the  calm  belt  and  a  south 
wind  on  the  south  side  of  the 
calm  belt.  But  the  earth's  rota- 
tion deflects  these  winds  to  the 
right  in  the  northern  hemisphere 
and  to  the  left  in  the  southern, 
their  directions  becoming  more 
and  more  easterly  as  they  ap- 
proach the  equator.  These  regu- 
lar winds,  from  the  north-east  on 
the  northern  side  of  the  equator, 
and  from  the  south-east  on  the 
southern  side  of  the  equator,  con- 
stitute a  regular  system  of  currents 
known  as  the  trade  -winds.  Over 
the  land  the  greater  friction  and 
the  irregular  distribution  of  tem- 
perature disturb  their  uniformity, 
and  hence  they  are  most  marked 
in  the  open  sea,  where  the  surface 
temperature  is  more  uniform. 

The  trade  winds,  then,  are 
constant  winds  blowing  in  a  regu- 
lar trade  or  course  over  the  oceans 
towards  the  equatorial  region  of 
low  pressure,  those  in  the  northern 
hemisphere,  starting  about  30°  N. 
lat.  and  being  deflected  towards 
the  right  by  the  earth's  rotation, 
constituting  the  north-east  trades  ; 
and  those  in  the  southern  hemi- 
sphere, starting  about  30°  S.  lat. 
and  being  deflected  towards  the 
left,  constituting  the  south-east 
trades.  Both  die  out  as  they  ap- 
proach the  belt  of  calms. 

Beyond  the  borders  of  the 
trade  winds  in  both  hemispheres 
the  prevailing  winds  are  from  the 
south-west  or  west,  but  these 
westerly  winds  are  not  so  regular 
as  the  trade  winds.  These  westerly  winds  arise 
upper  currents  that  flow  from  the  equator,  and 
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about  the  thirtieth  parallel  of  latitude,  where  they  produce  the  calms  of 
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Cancer  in  the  northern  hemisphere,  and  the  calms  of  Capricorn  in  the 
southern.  Continuing  northward  or  southward,  and  being  deflected  to 
the  right  or  left  according  to  the  hemisphere  (north  or  south)  by  the  earth's 
rotation,  they  form  the  westerly  winds  or  anti-trades  of  temperate  latitudes 
(see  Map  X.). 

Monsoons  are  periodic  winds  that  blow  over  the  Indian  Ocean  and 
adjacent  lands  —  a  north-east  monsoon  during  the  winter  months  from 
October  to  March,  and  a  sonth-west  viojtsoon  during  the  summer  months 
from  April  to  September.  During  the  cooler  half  of  the  year,  the  north- 
east monsoon  is  in  fact  the  regular  trade  wind  of  the  northern  hemisphere. 
The  change  to  a  south-west  monsoon  in  summer  is  the  result  of  the  sun's 
heat  upon  the  continent  of  Asia.  In  summer  the  heat  upon  the  soull^ern 
part  of  Asia  is  greater  and  the  air  less  dense  than  that  of  the  Indian  Ocean, 
and  consequently  air  passes  from  the  region  of  higher  pressure  over  the 
ocean  to  the  region  of  lower  in  Asia,  and,  being  deflected  by  the  earth's 
rotation  to  the  right,  become  the  south-iuest  monsoon.  The  change  of 
monsoons  is  usually  accompanied  by  violent  storms.  It  is  this  south-west 
wind  laden  with  vapour  that  produces  the  great  summer  rainfall  on  the 
high  range  of  mountains  in  the  north  of  India  (par.  225). 

The  variable  winds  of  the  north  temperate  zone  either  blow,  as  a  rule, 
inwards  towards  a  centre  of  low  pressure,  or  outwards  on  all  sides  from  a 
centre  of  high  pressure.  A  wind-system  in  which  the  wind  blows  spirally 
around  and  in  towards  a  centre  of  low  pressure  is  called  a  cyclone  (Gr. 
kuklos,  a  circle),  as  the  isobars  outside  the  centre  have  a  more  or  less 
circular  shape.  A  wind-system  with  light  winds  flowing  outwards  from 
a  centre  of  high  pressure  is  known  as  an  anti-cyclone.  '  The  direction  in 
which  winds  blow  spirally  inwards  in  a  cyclone  is  (in  the  northern  hemi- 
sphere) opposite  to  that  of  the  movements  of  the  hands  of  a  watch  lying 
face  upwards  ;  in  an  anti-cyclone  the  opposite.  The  position  of  an  anti- 
cyclone is  usually  pretty  constant  for  days,  or  even  weeks  together,  but 
that  of  a  cyclone  is  constantly  changing,  as  the  centre  of  low  pressure  is 
always  shifting,  generally  in  a  more  or  less  easterly  direction.'  Other 
revolving  storms  of  wind  and  rain  are  known  in  different  regions  as 
Imrricanes,  typhoons,  or  tornadoes,  as  well  as  cyclones.  (For  a  fuller 
account  of  winds,  see  'Advanced  Physiography.') 


CHAPTER  XL 

EVAPORATION  AND  CONDENSATION— DEW,  MIST,  FOG, 

RAIN,  AND  SNOW. 

216.  Evaporation  is  the  process  by  which  a  liquid  is 
changed  into  a  state  of  vapour,  and  this  is  one  of  the  most 
important  effects  of  heat.  During  the  process  a  considerable 
quantity  of  sensible  heat  passes  into  the  latent  or  insensible  state 
(par.  60),  and  hence  evaporation  has  a  cooling  effect  on  the  body 
from  which  the  vapour  rises,  and  the  cooling  is  greater  in  pro- 
portion as  the  evaporation  is  more  rapid.    This  heat  makes  its 


Evaporation  1 5 1 

appearance  again  when  the  vapour  is  condensed  or  re-con- 
verted into  a  hquid.    Water  evaporates  at  all  temperatures, 
though  most  rapidly  during  the  process  of  boiling  or  ebullition 
(par.  6i).    But  even  snow  and  ice  give  off  vapour  from  their 
surface.    A  piece  of  ice  placed  in  the  balance-pan  of  the  scales 
and  carefully  weighed  will  be  found  to  diminish  in  weight  slowly, 
though  the  air  may  be  below  freezing-point.  Whatever,  therefore, 
may  be  the  temperature  of  the  air,  it  is  almost  constantly  receiv- 
ing aqueous  vapour  from  the  surface  of  the  water  and  moist 
ground.    This  evaporation  is  due  to  the  heat  of  the  sun,  and  is 
therefore  most  active  in  the  equatorial  regions  of  the  earth, 
where  the  sun's  rays  are  most  powerful.    This  vapour  rises  in 
an  invisible  form  and  diffuses  itself  through  the  atmosphere.  It 
really  exists  in  the  spaces  between  the  air  particles,  though  it  is 
convenient  to  speak  of  it  as  contained  in  the  air.     A  certain 
quantity  of  air,  say  a  cubic  foot,  is  only  capable  of  receiving 
a  certain  quantity  of  vapour  at  a  certain  temperature  and 
pressure.   If  we  increase  the  temperature  or  diminish  the  pres- 
sure the  air  becomes  capable  of  holding  more  vapour.    At  the 
freezing-point  air  is  only  capable  of  holding  about  one-tenth 
the  quantity  it  holds  at  60°  R,  the  temperature  of  an  ordinary 
summer  day,  while  air  at  80°  F.  has  nearly  twice  the  capacity 
for  vapour  that  air  at  60°  F.  has.     When  air  contains  all  the 
vapour  that  it  is  capable  of  containing  at  a  certain  temperature 
it  is  said  to  be  saturated.   As  soon  as  the  air  which  is  saturated 
with  vapour  has  its  temperature  lowered,  some  of  the  vapour  is 
condensed  and  passes  into  the  liquid  form  ;  or  if  the  tempera- 
ture be  lowered  below  freezing-point,  it  will  become  solid. 

217.  Condensation,  then,  is  the  process  by  which  a  vapour 
or  gas  is  converted  into  the  liquid  or  soUd  form,  and  this 
process  is  brought  about  either  by  the  appHcation  of  cold  or 
an  increase  of  pressure.  Distillation  is  the  process  of  evapora- 
tion and  subsequent  condensation  into  falling  drops,  and  is 
often  employed  by  the  chemist  to  free  water  from  the  impuri- 
ties dissolved  in  it  (see  par.  22).  It  must  be  borne  in  mind 
that  all  distilled  water,  whether  it  be  obtained  by  the  rapid 
process  of  the  chemist  or  by  the  slow  process  going  on  in 
nature,  is  pure  water,  the  dissolved  matter  being  all  left  behind. 
The  condensation  of  the  vapour  of  the  air  is  nearly  always  the 
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tTe^rnn  '^'"'^""f''"     temperature,  in  consequence  of  which 
the  capacity  of  he  a.r  for  water  vapour  is  lessened,  and  a 
portion  of  It  IS  therefore  thrown  down.     Thus,  if  air  at  80° 
be  saturated,  and  its  temperature  be  then  reduced  to  do" 
about  one-half  its  vapour  would  be  condensed  during  this 
reduction  of  temperature.    The  quantity  of  vapour  in  the  air 
varies  greatly  with  the  seasons,  the  climate,  the  height  above 
the  sea,  and  various  local  causes.    It  is  hardly  ever  completely 
saturated,  nor  ever  entirely  dry,  and  is  constantly  varying  The 
rate  of  evaporation  is  influenced  by  several  circumstances  The 
larger  the  surface  of  a  given  quantity  of  water,  the  more  rapidly 
does  It  evaporate,  for,  except  the  liquid  be  boiling,  the  evapora- 
tion takes  place  at  the  surface.  Heat  also  increases  the  process, 
as  It  is  well  known  that  holding  a  towel  before  the  fire  dries  it 
more  quickly  than  leaving  it  exposed  on  a  line.    Wind  also 
increases  the  rapidity  of  evaporation  by  bringing  fresh  layers  of 
non-saturated  air  in  contact  with  the  wet  surface.    The  hygro- 
metric  (Gr.  hugros,  moist)  state  of  the  air  has  also  to  be  con- 
sidered,  for  if  the  air  be  already  nearly  saturated,  it  takes  up 
additional  moisture  very  slowly;  while,  if  it  is  nearly  dry,  it  takes 
up  the  moisture  quickly.     There  is  usually  more  aqueous 
vapour  in  the  air  in  summer  than  in  winter,  for  then  the  air  is 
warmer  and  is  capable  of  holding  more  vapour,  though  it  may 
not  feel  so  damp.    As  already  mentioned,  this  aqueous  vapour 
is  chiefly  found  in  the  lower  atmospheric  strata,  and  diminishes 
so  rapidly  that  at  a  height  of  five  or  six  miles  it  is  scarcely  appre- 
ciable.   The  amount  of  aqueous  vapour,  or,  more  exactly,  the 
relative  humidity  of  the  atmosphere,  is  ascertained  by  means  of 
the  hygrometer,  already  explained.    The  important  part  played 
by  this  aqueous  vapour  in  allowing  the  rays  from  a  highly  heated 
source  like  the  sun  to  pass  through  it  freely,  and  in  obstructing 
the  heat-rays  from  a  body  of  much  lower  temperature  like  the 
sun-warmed  earth,  has  been  already  referred  to  (par.  66). 

218.  Dew.— One  of  th»  forms  in  which  the  atmosphere  restores  part  of 
Its  vapour  to  the  earth  is  dew.  Dew  is  moisture  deposited  as  sma]l  drops 
Irom  the  atmosphere  without  the  formation  of  any  visible  cloud.  Towards 
sunset  the  heat  received  by  the  earth  from  the  sun  becomes  less  than  the 
heat  radiated  from  its  surface.  If  the  sky  be  clear,  this  heat  radiated  from 
Che  earth  passes  into  space  and  the  ground  becomes  cool,  and  bodies  near 
Its  surface  are  thus  chilled.  The  layer  of  air  in  contact  with  these  bodies 
also  becomes  chilled,  and  at  last  descends  to  a  degree  of  temperature  at 


Deiv 


153 


which  it  is  saturated  by  the  aqueous  vapour  it  contains.  A  further  shght 
reduction  causes  the  air  to  deposit  a  portion  of  the  aqueous  vapour  it  con- 
tains on  the  surfaces  of  the  bodies  previously  cooled  by  radiation.  The 
temperature  at  which  dew  begins  to  be  formed  is  called  the  dew-point.  _  It 
varies  with  the  decree  of  humidity  of  the  atmosphere.  One  night  it  might 
be  41°  F.,  and  next  night  it  might  be  50°,  though  the  temperature  of  the 
air  on  both  nights  might  be  about  the  same.  The  nearer,  however  the 
air  is  to  the  point  of  saturation  the  sooner  will  the  dew-point  be  reached. 
When  the  dew-point  is  below  32°  the  moisture  deposited  passes  at  once 
into  the  solid  state,  and  is  known  as  hoar-frost  or  rimey  _ 

Various  circumstances  influence  the  production  of  dew.  It  is  never 
abundant  except  during  clear  and  calm  nights.  If  the  night  be  cloudy,  the 
clouds  reflect  and  radiate  back  the  heat  given  off  from  the  surface  ot  the 
ground,  so  that  the  surface  of  the  earth  does  not  become  sufl^ciently  chilled. 
If  the  night  is  windy,  the  air  near  the  surface  is  constantly  being  renewed, 
and  is  thus  prevented  from  being  reduced  to  the  dew-point ;  though  a 
slight  wind  is  rather  favourable  than  otherwise,  because  it  gradually  brings 
into  contact  with  the  cool  surfaces  fresh  layers  of  air.  Upon  metallic 
substances,  which  are  bad  radiators,  and  on  the  hard  beaten  road,  which 
quickly  conducts  heat  from  the  strata  beneath,  little  or  no  dew  is  deposited ; 
while  on  blades  of  grass,  twigs,  leaves,  wool,  hair,  and  other  such  objects, 
which  quickly  lose  the  heat  from  their  surfaces  owing  to  being  good  radiators 
and  bad  conductors,  a  copious  deposit  of  dew  forms.  But  anything  that 
checks  the  radiation,  as  a  screen  above  or  beside  the  object,  prevents  the 
formation  of  dew.  It  is  also  evident  that  the  deposit  of  dew  will  be  greater 
according  as  the  air  is  more  nearly  saturated  with  vapour,  for  then  the  dew- 
point  is  sooner  reached.  Finally,  dew  is  usually  more  abundant  in  spring 
and  autumn,  as  the  diff"erences  of  temperature  between  day  and  night  are 
greater  than  at  other  seasons,  and  the  dew-point  temperature  is  therefore 
more  quickly  and  more  certainly  reached. 

219.  Fogs  and  Mist.— It  sometimes  happens  that  the  aqueous  vapour 
throughout  a  large  space  of  the  atmosphere  near  the  surface  of  the  earth  be- 
comes condensed  into  minute  particles  of  water  that  remain  suspended  in 
the  air.  These  visible  particles  form  a  kind  of  cloud  near  the  surface,  called 
fog  or  mist.  A  fog  may  arise  when  a  current  of  warm  and  moist  air  comes 
into  contact  with  water  at  a  lower  temperature,  or  by  the  intermixture  of 
two  masses  of  air,  one  of  which  has  a  lower  temperature  than  the  other. 
Thus  a  warm  moist  current  of  air  passing  over  an  iceberg  may  have  some  of 
its  vapour  precipitated  as  fog.  The  frequent  fogs  on  the  banks  of  Newfound  - 
land are  caused  by  the  warm  damp  air  that  has  passed  over  the  Gulf  Stream 
coming  in  contact  with  the  cold  air  over  the  Arctic  current  that  flows  down 
through  Davis  Strait.  Fogs  are  also  often  seen  in  low  grassy  bottoms  or  river 
valleys  in  the  morning,  but  these  are  usually  dispersed  during  the  day  as  soon 
as  the  heat  of  the  sun  renders  the  air  capable  of  taking  up  the  moisture  that 
has  thus  been  condensed  out  of  it.  A  mist  is  very  similar  to  a  fog,  but  the 
particles  of  moisture  of  which  it  consists  are  rather  larger  than  those  of  a  fog.^ 

220.  Clouds.— Clouds  are  merely  fog  or  mist  formed  in  the  higher 
strata  of  the  air,  where,  as  we  have  seen,  the  temperature  is  lower  than 

'  See  account  in  Appendix,  p.  306. 

^  Mr.  J.  Aitken  has  shown  that  the  condensation  of  the  aqueous  vapour 
of  the  air,  either  as  fog,  mist,  or  cloud,  nearly  always  takes  place  around 
the  dust-particles,  or  other  solid  nucleus,  floating  in  the  air.  Ordinary 
dry  air  has  been  shown  to  contain  more  than  two  millions  of  minute  dust- 
particles  in  every  cubic  foot. 
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near  the  surface  of  the  earth.    Mist  or  foe  is  a  c\c^^^^  n„o,  .u, 
surface;  clouds  are  n.ists  at  a  considerable'hSght  '°"as  warrn 
air  expands  It  ascends  and  rises  into  colder  regions,  wh  le  the  very  aa  of 
expansion  also  lowers  its  temperature.    The  height  at  wh kh  th7  clouds 
float  in  the  atmosphere  varies  much,  the  average  heigrprobablv  S 
between  one  and  two  miles.    The  thin  light  clouds  are  Een^aUhe  Latest 
heights,  while  thick  dense  clouds  that  are  heavier  only  exiS  at  f  smal 
distance  above  the  earth.     Clouds  are  not  always  composed  of  wate 
particles,  for  the  light  fleecy  clouds  that  float  in  (he  higher  and  cofder 
regions  are  composed  of  small  ice  needles.    This  is  certainirth  "  state  a 
the  intense  cold  at  such  great  heights,  from  six  to  ten  mills,  is  so  g;ea 
that  water  could  not  exist  there  in  the  liquid  state.    Besides,  the  kyS 
dition  of  such  clouds  is  also  proved  by  the  mode  in  which  4ht  isreffkcted 


91.— VarieLics  of  Clouds. 

in  passing  through  theni.  The  continually  changing  appearances  of  clouds 
are  brought  about  by  their  movement,  for  they  Ire  continually  descending 
dlSore™^'  °'         ''''''''  °^  '^^'''^  ^^^^^  moisture  is  often  agaif 

_  Mr.  Luke  Howard  has  divided  clouds  into  four  chief  varieties— the 
nunbus,  the  stratus,  the  cumuhis,  and  the  cirrus.  These  four  kinds  are 
shown  in  fig.  91,  and  are  indicated  respectively  by  one,  two,  three,  and 
four  birds  on  the  wing.  y     y       >       >         >  u 

The  Cirrus  (Lat.  cirrus,  a  curl)  is  a  whitish  streaky  cloud,  having  a 
feathery  or  fibrous  appearance.  These  clouds  are  often  called  mares'  tails, 
Irom  their  shape.  They  only  exist  at  great  heights,  and  it  is  these  clouds 
which  are  believed  to  consist  of  ice  particles.  A  cirrus  cloud  is  often  a 
sign  of  wind  or  a  change  of  weather. 


Rain  ^55 

The  Cumulus  (Lat.  cumulus,  a  heap)  is  a  rounded  or  hemispherical 
rloud  of^n  rising  from  a  horizontal  base.    Hence  it  is  soinetimes  called 

dol    Thecumulusisthecloudof  day.especiallyins^^ 
and  is  produced  by  an  ascending  current  of  warm  air,  the  vapour  of  which 
L  quickly  condensed.    Towards  evening  these  clouds  of^en  essen  o  ent  rely 
vanish.    If,  however,  they  become  more  numerous,  especially  with  cirrus 
clouds  above,  a  storm  of  rain  may  be  looked  for.  extended 

The  Stratus  (Lat.  stratum,  a  covering  or  layer)  ^^^/^^.ffJ^^'^X 
continuous  horizontal  sheet,  increasing  from  below  "P^^^^^^!;^.  anT  ea  J 
a  fine-weather  cloud,  and  appears  low  down  in  t^lie  evenings  and  early 
mornings  of  the  brightest  days.    It  is  indicated  in  the  figure  by  two  birds 

S  Nin  bus  (Lat.  nimls,  a  dark  rain-cloud)  is  a  ram-cloud  having 
no  particular  form,  but  usually  of  a  dark  uniform  grey  tint  with  fringed 
Jdges  it  is  the  cloud  into  which  the  others  resolve  themselves  when  ram 
falls,  and  is  therefore  sometimes  called  cumulo-ciriv-stratus  Oih^^  torms 
exist  that  are  brought  about  by  a  combination  of  some  of  the  preceding 
One  of  these,  called  cirro-cumulus,  is  a  high  cloud  consisting  of  small 
irreeularly  placed  rounded  masses,  like  a  flock  of  sheep  lymg  down,  or 
like  the  markings  on  a  mackerel,  from  which  we  get  the  name  mackerel 
sky.' 

2  21.  Rain.— Of  all  the  forms  in  which  the  water  derived 
from  the  earth  by  the  process  of  evaporation  is  restored  again 
to  its  surface,  rain  is  the  most  important.  It  is  produced  by 
the  continuous  condensation  of  the  water  vapour  of  the  air,  so 
that  the  minute  particles  that  form  clouds  unite  to  form  drops, 
which  fall  to  the  earth  through  the  action  of  gravity.  At  great 
heights  the  raindrops  are  very  small,  but  as  they  fall  they 
generally  increase  in  size,  either  by  several  joining  together  or 
by  condensing  on  their  cool  surface  the  aqueous  vapour  of  the 
strata  of  air  through  which  they  fall.  This  explains  why  the 
drops  that  fall  from  a  thick  mist  are  so  small,  the  mist  being 
nearer  the  surface  of  the  earth.  Occasionally,  however,  drops 
falling  through  warm  dry  air  may  become  less  in  size,  or  even 
be  completely  evaporated  before  reaching  the  earth. 

222,  The  Rain  Gauge.  —It  is  important  to  ascertain  the  amount  of 
rainfall'that  occurs  at  any  place.  This  should  be  done  every  day  at  a  fixed 
time,  and  the  daily  amounts  in  a  certain  year  when  added  together  will 
give  us  the  annual  rainfall  for  that  year.  By  taking  the  annual  amounts 
for  a  number  of  years,  and  dividing  by  that  number,  an  average  annual 
rainfall  for  any  given  place  may  be  ascertained.  The  instrument  used  to 
measure  the  rainfall  is  called  a  Rain  Gauge.  It  consists  of  a  copper 
funnel,  the  top  of  which  has  a  certain  area— 20  square  inches,  for  example— 
and  the  neck  of  which  fits  into  a  bottle,  or,  better,  a  cylindrical  copper 
can.  The  funnel  and  bottle  are  then  enclosed  in  a  metal  cylinder  which 
is  considerably  taller  than  the  funnel,  so  as  to  retain  snow  when  it  falls, 
and  prevent  it  from  being  blown  out  (see  fig.  92).    The  measurement  of 
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Fig.  92.-  -Rain  Gauge. 


the  rainfall  is  made  by  pourincr  out  the  content.;  f^f       i,       •  x 
measure  which  is  marked  to  represent  hrdredihs  and  Ln         °  "  -^'T 
and  which  is  capable  of  holdin'g  -50  inch  of  rat  tuchfr^n  —  i^ 

known  as  a  Snowdon  Gauge.    If  there 
be  more  than  half  an  inch  of  rain,  two 
or  more  measurements  must  be  made. 
When  snow  falls,  that  which  is  collected 
in  the  funnel  is  melted  and  measured 
as  ram     Roughly  speaking,  a  depth  of 
ten  mches  of  snow  is  equal  to  one  inch 
o    ram.     The  rain  gauge  should  be 
placed  in  an  open  situation,  away/rom 
trees  and  buildings,  and  at  a  height  of 
one  foot  from  the  ground.     A  '  rainy 
day  IS  one  on  which  the  rainfall  is  not 
less  than  -oi  inch.    From  what  has 
been  said  above  about  the  usual  increase 
m  the  size  of  raindrops  as  they  fall,  it  is 
plain  that  the  amount  of  rain  collected 
be  less  than  the  amount  collected  nenr  t^^  "''r^  ^'^}  u""^^"^  will  often 
inch  of  rain  on  a  square  ya  d  rives  !  6,  ..,1  °^ 
acre  it  corresponds  to  22  662  f^\\L^.   ^  ^  °'  ^774  pounds  ;  on  an 

or^  inch  on       acre  gives  loi  tons    '  °'  ^^™^™ber,  then, 

madT'by  me'anfo'f^h^dl^^^^^  '\l  — P-y-g  map  an  attempt  is 

fall  on  the  vLTous  porS^  of  the  earth?'  T''^^  """^^^  °f 

indicate  this  accurately  for  all  places  L  our  kn A  Y'.  P^L^^*?^^ 

aque™ou?"ndMr'r'  H  TJ^- -ore  orilXged' wiS 

The  Sce^t  of  -t'TrlnJ  *^  three  chief  causes-' (i) 

rises    7c>^  tL     7  f  °f  dan^P  air  which  is  chilled  by  expansion  as  i 

ground      i?  he  ca  f  of°nn        f ™  "^^^      ^^^'^^  surface  onhe 

fhTth^  sea  surface    t^  rZ     '^''  f  ^^''^       ^^"d  is  colder 

-rvT      !  S""ace.    (3   The  mixture  of  masses  of  hot  and  cold  air  ' 

The  second  cause  of  rain  is  that  to  which  the  wet  western  coasts  of 
Europe  are  mainly  due  In  Ireland,  for  example,  the  annuaT  raiSl  on 
the  west  coast  is  45  mches  ;  and  on  the  west  coast  of  Britain  it  is  about  S 
inches  ;  while  the  rainfall  on  the  east  side  is  only  about  24.  But  both  th 
first  and  second  causes  contribute  to  this  result  on  our  west  coasts  • 
for  though  the  south-westerly  winds  that  come  across  the  Atlantrare 
t  Z  r  Tf  vapour,  some  of  which  is  condensed  in  the  lower  layers 
by  the  colder  sea-coast  as  they  pass  inland,  yet  it  must  be  also  noted  Lt 
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this  coast  is  mountainous  ;  and  as  the  air  is  forced  to  ascend  the  sides  of 
the  mountains  :t  becomes  rarefied  and  chilled,  so  that  the  higher  layers  o 
air  have  Ihe.r  moisture  condensed  on  the  seaward  slopes  of  our  wes  ern 
hills.    Hence  we  tmd  that,  as  a  general  rule,  rain  is  more  abundanron  the 
sea-coasts  than  in  inland  regions,  and  more  abundant  in  mountainous  dis 
tricts  than  in  the  lowland  regions.    The  wettest  place  in  Sand  is  a 
Seathwaite,  near  the  head  of  Borrowdale,  in  Cumberland.    For  six  vears 
It  has  had  an  average  annual  rainfall  of  1 54  inches.    Lincoln  is  the  driest 
place,  having  a  mean  annual  rainfall  of  only  20  inches.    Bereen  on  (he 
west  coast  of  Norway,  has  a  mean  annual  rainfall  of  over  80  inches  In 
this  country  the  rainfall  seldom  exceeds  an  inch  in  a  day,  though  occasion- 
ally 1  has  amounted  to  four  inches.    In  tropical  countries,  however  it  is 
sometimes  from  thirty  to  forty  inches  a  day.  >^  .  »i 


Fig.  93.— Condensation  of  Moisture  in  Air  Current  ascending  a  Mountain.  , 

224.  Eainy  Seasons.— In  some  parts  of  the  world  the  rain  only  falls 
during  certain  parts  of  the  year,  and  these  are  spoken  of  as  the  rainy  seasons. 
Between  the  tropics  '  the  rains  are  periodical,  being  most  abundant  when 
the  sun  is  vertical.  When  this  happens  close  to  midsummer,  as  it  does 
near  the  tropics,  there  is  only  one  rainy  season ;  but  when  several  weeks 


'  The  tropics  (Gr.  trope,  a  turning)  are  two  circles  drawn  round  the 
earth  parallel  to  the  equator,  at  a  distance  of  23^  degrees  on  each  side  of  it. 
The  southern  tropic,  called  the  Tropic  of  Capricorn,  has  the  sun  vertically 
overhead  on  December  21.  He  then  moves  northward,  and  the  sun  is 
vertical  at  the  northern  tropic,  called  the  Tropic  of  Cancer,  on  June  21. 
At  all  places  between  the  tropics,  that  is,  in  the  tropical  or  torrid  zone,  the 
sun  is  vertical  twice  during  the  year,  but  at  places  beyond  the  tropics  the 
sun  is  never  vertical.    (See  chapter  on  the  Movements  of  the  Earth.) 
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intervene  between  the  times  when  the  sun  is  directly  overhead  as  near  the 
equator,  there  are  two  rainy  seasons.  In  the  districts  where  the  monsoons 
prevail  'the  rainy  season  depends  on  tl-- __^vinds.  ^  Jhus^n^^India 


monsoons  that  blow  from  April  to  September.  Outside  the  ropics,  in 
higher  latitudes,  where  the  winds  are  variable,  rain  may  occur  at  all  seasons. 

'  225.  Eegions  of  Great  Rainfall  and  Extreme  Dryness.— Tne  regions 
of  greatest  rainfall  are  (i)  parts  of  the  equatorial  regions  of  calms  already 
described,  and  (2)  certain  districts  where  moisture-laden  winds  meet  ranges 
of  mountains  and  are  forced  to  ascend.  At  Cherrapoongee,  on  the  Khasia 
Hills,  in  Assam,  at  an  elevation  of  more  than  4,000  feet  above  the  sea,  the 
annual  rainfall  is  said  to  be  560  inches.  This  is  due  to  the  condensation 
of  the  vapour  brought  by  the  winds  called  the  south-west  monsoons  from 
over  the  Indian  Ocean.  These  winds  on  rising  to  this  height  are  cooled 
below  their  dew-point,  and  their  great  moisture  is  thus  precipitated.  On 
the  Western  Ghauts,  near  Bombay,  there  is  also  an  annual  rainfall  of  260 
inches,  due  to  the  same  cause.  At  Valdivia,  in  Southern  Chili,  there  is  a 
hea\'y  rainfall,  116  inches,  brought  by  the  westerly  winds  which  there 
prevail ;  while  on  the  same  side  of  the  Andes  near  the  equator,  where  the 
south-east  trade-winds  continually  blow,  there  is  a  rainless  district  in  Peru. 
As  these  winds  blow  across  the  continent  all  their  water  vapour  is  deposited, 
and  flows  back  again  by  rivers  into  the  Atlantic,  the  last  traces  being  ex- 
tracted by  the  eastern  sides  of  the  lofty  Andes  that  guard  the_  western 
coast.  Other  rainless  districts  are  the  great  tract  of  land  stretching  east- 
ward from  the  Sahara  through  Egypt  and  Arabia  to  the  Persian  Desert, 
the  Desert  of  Gobi,  the  Great  Salt  Lake  region  in  the  United  States,  and 
a  part  of  the  Kalahari  Desert  in  South  Africa.  All  these  places  are  rain- 
less because  the  winds  have  been  deprived  of  their  vaj)0ur  during  their 
passage  over  sheltering  high  ground,  and  descend  on  the  lee  side  as  hot  dry 
winds.  Thus  the  Desert  of  Gobi  is  shut  off  by  the  lofty  Plimalayas  from 
receiving  any  of  the  moisture  so  abundantly  brought  to  the  southern  slopes 
of  these  hills,  and  the  north-east  winds  from  the  plain  of  Siberia  are  too 
cold  to  allow  of  any  being  brought  by  them.  Even  in  the  open  ocean, 
in  the  districts  exposed  to  the  indraught  of  the  trade-winds,  which  come 
from  a  colder  to  a  warmer  region,  little  or  no  rain  falls.  It  may  also  be 
mentioned  that  rain  is  usually  more  abundant  where  vegetation  is  plentiful, 
the  air  being  chilled  by  the  leaves  of  trees  and  other  plants.  In  some  cases 
a  region  has  been  rendered  dry  and  even  barren  by  an  unwise  clearing  of 
the  forests. 

226.  Snow. — We  have  seen  how,  through  the  condensation  produced 
by  cold,  the  aqueous  vapour  of  the  atmosphere  may  be  made  to  change  its 
invisible  gaseous  form,  and  become  the  minute  liquid  particles  of  which 
fogs  and  mist  consist,  and  how  these  particles  may  unite  to  form  the  drops 
which  fall  as  rain.  If,  however,  the  air  in  which  a  cloud  is  formed  is 
below  freezing-point,  the  tiny  water  particles  are  frozen  into  crystals  of  ice 
of  a  regular  geometrical  form,  being  either  hexagonal  plates  or  six-rayed 
feathery  stars.  Snow  consists  of  aqueous  vapour  solidified  into  icy  particles, 
which  cohere  in  regular  symmetrical  forms,  having  usually  six  rays  or  six 
sides.  A  number  of  such  crystals  usually  cling  together  and  fall  as  snow- 
flakes.  They  may  be  examined  by  letting  them  fall  on  the  sleeve  of  a  dark 
coat,  and  viewing  them  through  a  magnifying  lens.    Many  varieties  of 
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inne'xS7.n;r''T.'''''  ^^-^J^ some  of  which  are  shown  in  the 
annexed  figure.  They  arc  all  formed  so  that  the  angles  made  bv  the  ravs 
bear  a  close  re  at  .on  to  those  of  a  regular  hexagon,  vL  60^  Their  whlS 
appearance  is  due  partly  to  enclosed  air  particles,  and  partly  to  the  rrflec 
tion  of  hght  at  their  numerous  surfaces.  Examined  by  a  en  °  each  1  tile 
crystal  is  seen  to  consist  of  transparent  ice.  ' 

Snow  does  not  fall  in  all  parts  of  the  earth  at  the  sea  level.  It  is  never 
seen,  for  example,  between  the  tropics ;  for  even  if  it  were  formed  inThe 
higher  repons  of  the  atmosphere,  it  would  melt  as  it  passed  through  the 
warmer  strata  near  the  sea  level.  A  line  showing  the  imit  of  snowfall  a? 
he  level  of  the  sea  is  traced  on  the  map  showing  the  distribution  o  ain 
nn  r'^'f '        "'^^''^^'^  reaches  the  limit  of  15°  fromthet  opS' 

-      Southern  ^ 


Fig.  94.— Snow  Crystals. 

227.  Snow-line.— But  although  the  snow  does  not  fall  at  the 
sea  level  in  all  parts  of  the  world,  yet  it  is  found,  owing  to  the 
diminution  of  temperature  with  increasing  height,  at  certain 
elevations  in  all  parts.  The  high  peaks  of  the  Andes  near  the 
equator  stretch  so  far  into  the  upper  and  colder  regions  of  the 
air,  that  they  are  perpetually  covered  with  a  snowy  mantle. 
The  STiow-line,  or  liinit  of  perpetual  snow,  is  that  line  below 
which  the  solar  heat  of  summer  is  sufficient  to  melt  all  the 
snow  that  falls,  hut  above  which  more  snoiv  falls  than  the  heat 
of  the  summer  can  melt.  This  line  takes  the  form  of  a  curve, 
which  starts  at  a  height  of  about  16,000  feet  at  the  equator,  and 
gradually  descends  to  the  sea  level  near  the  poles.  Thus  at 
Quito,  near  the  equator,  the  limit  is  15,800  feet ;  on  the  high 
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peaks  of  Mexico,  14,800  feet  ;  in  Spain,  11,200  feet ;  on  the 
Alps,  between  8,000  and  9,000  feet ;  on  Dovre  Fjeld  Mountains 
in  Norway,  4,000  feet ;  at  the  North  Cape,  only  a  little  above 
2,000  feet ;  and  at  Spitzbergen,  near  the  level  of  the  sea.  The 
highest  mountain  in  Britain,  Ben  Nevis,  AA°^  feet,  is  a  little 
below  the  snow-line,  though  snow  may  remain  through  some  of 
the  summers  in  sheltered  hollows.  But  the  height  of  the  snow- 
line does  not  depend  entirely  on  latitude.  It  varies  with  the 
character  of  the  prevailing  winds,  with  the  greater  or  less  dry- 
ness of  the  air,  and  with  the  volume  of  snow  that  falls  during 
the  year.  It  is  lower,  for  instance,  on  the  moister  and  warmer 
south  slope  of  the  Himalayas  than  on  the  far  colder  but  drier 
north  slope  of  these  mountains.  It  is  16,000  feet  on  the  south 
slope,  and  20,000  feet  on  the  north  slope.  On  the  northern 
side  of  the  Alps  it  is  about  8,000  feet ;  but  on  the  southern 
side,  which  receives  more  sun  and  warmer  winds,  it  is  8,800 
feet. 

The  snow  which  falls  below  the  snow-line  dissolves,  and  soon  adds  to 
the  water  supply  of  a  country  ;  but  that  which  falls  above  the  line  produces 
ice-caps,  neve,  and  glaciers,  which  will  shortly  be  described.  Sleet  is  a 
mixture  of  melting  snow  and  rain.  Hail  consists  of  hard  pellets  of  ice 
which  fall  through  the  atmosphere  in  showers.  These  pellets  are  some- 
times simple  rounded  masses  ;  sometimes  they  are  of  an  irregular  shape, 
and  formed  of  concentric  layers  of  ice  round  a  core.  How  they  are  pro- 
duced is  not  definitely  known.  Hailstones  vary  in  size  from  a  small  pea  to 
a  hen's  egg.  In  our  climate  they  fall  principally  in  spring  and  summer 
and  often  precede  a  storm. 

228.  From  what  has  been  said  it  will  be  seen  that  there  is  a  continual 
circulation  of  the  water  of  the  globe.  By  the  agency  of  the  sun's  heat 
immense  quantities  of  water  are  continually  being  taken  up  into  the  atmo' 
sphere  in  the  state  of  vapour.  For  a  time  this  remains  invisible,  but  by 
condensation  it  is  at  last  brought  into  a  visible  condition  as  cloud  or  mist, 
and  the  clouds  by  further  condensation  discharge  their  contents  chiefly  as 
rain.  It  has  been  calculated  that  in  our  country  about  one-third  of  the 
rain  that  falls  on  the  land  is  at  once  evaporated  again,  another  third  is 
absorbed  by  the  rocks,  and  after  a  longer  or  shorter  course  beneath  the 
surface  for  variable  lengths  of  time  this  portion  again  comes  to  light  in 
springs.  The  other  third  flows  off" at  once  into  the  rivers,  where,  indeed,  the 
spring  water  also  ultimately  goes.  Rivers  pour  their  contents  into  the  sea, 
and  from  the  surface  of  both  rivers  and  sea  evaporation  takes  place,  and  the 
water  sets  off"  on  another  round.  Professor  Dove  compared  the  atmosphere 
to  a  vast  still,  of  which  the  sun  is  the  fire  and  the  sea  the  boiler.  The  cool 
air  of  the  higher  parts  of  the  atmosphere  and  of  the  colder  zones_  acts  the 
part  of  a  condenser,  and  on  a  wet  day  the  liquid  distils  over  as  rain. 
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CHAPTER  XII. 
THE  SCULPTURE  OF  THE  LAND. 

Action  of  Air,  Rain,  Springs,  Rivers,  and  Glaciers  on  the 

Earth's  Crust. 

229.  The  rocks  described  in  a  previous  chapter  are  con- 
stantly being  worn  away  by  various  destructive  agents  acting 
upon  them,  and  the  present  outline  of  the  earth's  surface  is*  not 
that  which  has  always  been,  nor  is  it  that  which  will  continue. 
We  have  already  pointed  out  how  the  sea  is  continually  at  work 
wearing  back  the  rocks  of  the  coast,  and  reducing  the  material 
broken  off  to  a  finer  and  finer  state,  and  how  this  is  carried  out 
to  some  distance  beyond  the  lowest  tides.  Here  its  work  of 
destruction  ceases,  for  the  depths  of  the  ocean  are  not  disturbed 
by  the  movements  of  the  waves  on  the  surface.  But  other 
agents  besides  the  sea  are  at  work  on  all  the  exposed  parts  of  the 
land  surface,  and  it  is  of  these  agents  that  we  shall  now  briefly 
speak.  The  general  process  by  which  the  surfaces  of  rocks  are 
broken  asunder  and  the  loosened  material  carried  away  so  as 
to  expose  the  parts  previously  covered  is  called  denudation 
(Lat.  den7^do,  I  lay  bare).  Erosion  (Lat.  rodo,  I  gnaw)  and 
disintegration  are  other  words  applied  to  the  breaking  up  and 
crumbling  of  rocks,  and  the  loose  material  arising  from  this 
waste  is  often  spoken  of  as  debris  or  detritus.  Debris  is  a 
French  word  adopted  into  English,  and  means  ruins,  oxremaifis; 
while  detritus  means  literally  matter  rubbed  off. 

230.  Action  of  the  Atmosphere.  —This  has  already  been  referred  to 
in  speaking  of  the  '  weathering  '  of  rocks.  The  oxygen  of  the  air  is  ever 
entering  into  new  combinations  with  those  rock  constituents  for  which  it 
has  an  affinity,  and  in  this  it  is  assisted  by  the  moisture  of  the  au,  which 
also  contains  the  same  element.  By  this  union  of  the  oxygen  with  the  dif- 
ferent bases  of  rocks,  changes  of  colour,  as  well  as  a  breaking  up  of  the 
surface  of  the  rocks,  is  often  produced.  Thus  rocks  containing  the  pro- 
toxide of  iron  (FeO)  often  have  a  greenish  colour ;  but  when  the  iron 
unites  with  more  oxygen  to  form  the  sesquioxide  (Fe.,03)  the  rock  is  dis- 
integrated, and  the  new  compound  of  iron  gives  a  red  or  brown  colour  to 
the  material  formed.  Another  atmospheric  influence  is  the  varying  heat 
at  different  times,  the  alternate  expansions  and  contractions  thus  produced 
tending  to  loosen  the  particles  on  the  surface  of  the  rocks.  The  action  ot 
the  carbonic  acid  of  the  atmosphere  has  been  already  mentioned.  Ihis 
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compound  tends  to  form  soluble  combinations  with  the  magnesia,  lime,  and 
potash  in  the  different  varieties  of  felspar,  and  the  mineral  then  produces 
the  white  clayey  substance  called  kaolin  (par.  118).  The  power  of  water 
containing  CO.j  in  solution  to  dissolve  calcareous  rocks  has  been  often 
referred  to  (see  par.  132). 

231,  Action  of  Rain. — The  action  of  rain  on  the  rocks  of  the  earth's 
crust  is  both  chemical  and  mechanical.  In  passing  through  the  air  it  dis- 
solves small  quantities  of  oxygen  and  carbonic  acid,  and  after  reaching  the 
ground  it  obtains  a  further  supply  of  carbonic  acid  from  decaying  animal 
and  vegetable  matter.  How  this  oxygen  and  carbonic  acid  assist  in  dis- 
integrating rocks  has  already  been  described,  and  it  is  this  general  action 
of  the  gases  contained  in  the  air  or  dissolved  in  water,  assisted  by  the  heat 
of  the  sun,  and  especially  by  frost,  that  is  referred  to  under  the  word 
'  weathering.'    The  loosened  material  on  the  surface  of  rocks  produced  by 


Fig.  95.— Earth  Pyramids  in  the  Tyrol, 


this  '  weathering  '  is  then  carried  away  either  by  the  mechanical  action  of 
the  rain  or  wind,  particularly  from  the  exposed  faces  of  cliffs  and  the  sides 
of  hills.  The  smaller  materials  are  carried  farthest,  while  the  larger  pieces 
are  left  behind  to  undergo  further  disintegration.  The  softer  parts  of  the 
rocks  suffer  most  from  this  action  of  the  weather  and  the  mechanical  force 
exerted  by  rain,  and  thus  are  produced  irregular  surfaces,  the  more  easily 
attacked  portions  giving  rise  to  hollows  and  the  harder  to  projecting  pieces. 
The  natural  division  of  the  rocks  into  cubical  masses  by  the  joints  or  cracks 
greatly  assists  in  this  work  of  disintegration. 

Every  one  has  noticed  the  small  impressions  made  by  the  raindrops  on 
the  surface  of  sand  and  mud,  and  it  has  sometimes  happened  that  these 
have  been  preserved  in  the  rocks  for  thousands  of  years.  But  more  striking 
effects  of  the  power  of  rain  are  often  seen  in  the  natural  arches  and  conical 
pillars  of  earth  capped  by  a  block  of  stone  which  are  found  in  the  Tyrol, 
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the  western  States  o.  America,  and  other  districts.  These  have  been  pro- 
duced by  the  prolonged  action  of  the  rain.  Imagine  a  valley  or  depression 
filled  with  loose  earth  or  clay,  through  which  blocks  of  stone  are  scattered 
at  various  depths.  The  pattering  rain,  assisted  by  the  tiny  streams  that 
form,  loosens  the  material  and  transports  it  to  a  lower  level,  but  each 
block  of  stone  protects  the  part  it  covers,  so  that  at  last  when  the  sur%ound. 
ing  portions  are  removed,  a  number  of  conical  pyramids  of  earth  remain  as 
monuments  of  the  extent  of  erosion  that  has  been  produced. 

232.  Work  of  Rivers. — The  land  area  from  which  a  river  and  its  tribu- 
taries collect  their  water  is  called  its  catchment  basin  ;  the  land  which 
separates  adjoining  basins  is  called  a  water-parting,  and  the  slopes  down 
which  the  water  runs  is  called  a  watershed.  The  source  of  a  river  is  tq  be 
found  in  some  little  rill  or  spring  on  the  slopes  of  a  hill,  and  the  water  of 
which  it  consists  has  descended  from  the  clouds  in  the  form  of  rain  01 
snow.  This  water  gathers  at  first  into  tiny  rivulets,  and  these,  as  they 
descend,  are  joined  by  many  others  ;  a  rivulet  is  formed,  which  receives 
many  tributaries,  and  thus  there  is  produced  a  common  stream,  often  01 
great  size,  which  carries  down  a  huge  volume  of  water  into  the  sea.  This 
may  again  be  taken  up  into  the  air  by  the  process  of  evaporation,  may 
again  form  clouds,  which  discharge  their  contents  on  the  earth,  and  thus 
the  continual  circulation  of  which  we  have  previously  spoken  goes  on. 

233.  Valley-making. — As  an  active  agent  in  altering  the  surface  of  the 
earth  a  river  effects  erosion  of  its  bed  and  banks,  and  transport  of  material 
in  one  part  of  its  course,  while  in  another  part  it  deposits  this  material.  In 
the  upper  part,  where  the  fall  or  slope  is  steep,  the  river  carries  down  sand 
and  stones,  the  lighter  and  smaller  particles  being  carried  furthest.  In 
times  of  flood  the  torrents  of  rushing  water  on  a  mountain  slope  tear  up  the 
rocks,  hurling  them  down  the  stream,  and  make  deep  trenches  on  the 
mountain  slopes. 

In  some  parts  of  the  rocky  beds  of  rushing  streams  the  eddies  produced 
in  the  water  cause  a  number  of  stones  and  sand  grains  to  revolve,  and  these 
form  smooth  rounded  cavities  called  pot-holes.  Pot  holes  are  often  seen 
several  feet  deep.  The  fragments  of  rock  torn  away  by  the  rushing  waters 
aid  in  breaking  off  other  portions,  and  by  continual  rubbing  and  pushing 
along  have  their  sharp  corners  broken  off,  so  as  to  become  rounded  into 
smooth  pebbles. 

The  particles  held  in  suspension  in  the  water,  and  which  settle  down  as 
it  becomes  stiller,  are  called  sediment ;  and  the  more  disturbed  the  water 
is,  the  larger  are  the  particles  forming  the  sediment.  But  besides  acting 
as  carriers  of  sediment,  rivers  also  carry  large  amounts  of  matter  dissolved 
from  the  rocks  over  which  the  water  has  run.  Thus  the  waters  of  the 
Nile  contain  in  solution  14  parts  of  mineral  matter  in  10,000,  those  of  the 
Rhine  17,  and  those  of  the  Thames  40. 

Many  of  the  great  valleys  of  the  world  have  been  excavated  by  rivers. 
These  river  valleys  are  of  various  shapes,  sometimes  being  deep  and  narrow, 
when  they  are  called  gorges  or  ravines,  but  at  other  times  wide  and  compa- 
ratively shallow.  The  action  of  the  flowing  water  is  greatly  assisted  by 
the  earth  and  stones  carried  along  by  the  stream,  the  running  stream  itself 
having  but  little  abrading  power.  These  rub  against  the  bottom  and  sides 
of  the  channel,  and  thus  carry  on  the  work  of  wearing  away  the  bed  and 
the  sides  of  the  stream.  We  can  thus  understand  the  following  descnption 
of  Professor  Green  :— '  Rivers  are  denuding  tools,  which  tend  to  cut  steep- 
sided  trenches  across  a  country ;  and  these  trenches  they  are  continuaLy 
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deepening  as  long  as  they  have  sufficient  fall.'  That  many  river  valleys  have 
not  this  sharply  defined  appearance  is  due  to  the  fact  that  thevanous  other 
denuding  agents  mentioned  above  have  been  at  work  on  the  siaes  01  me 
stream  wearing  away  the  rocks  and  widening  the  valleys,  especially  where 
the  banks  are  formed  of  soft  rock.  The  inclination  of  the  strata  also  assists  in 


Fig.  95.— a  Canon  in  the  Colorado  District. 

determining  the  shape  of  the  valley.  When  we  look  at  the  river  trenches 
formed  in  a  district  where  rocks  lie  in  horizontal  beds,  and  where  there  is 
little  or  no  rain  to  wear  away  the  flanks  of  the  river  gorge,  we  see  the  above 
description  of  a  river  trench  is  true.  Magnificent_  examples  of  such  deep 
gorges  worn  by  rivers,  and  called  canons,  are  seen  in  the  course  of  the  river 
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Colorado  and  its  tributaries.  Here  the  main  stream  flows  for  about  300  miles 
through  a  chasm  from  150  to  500  yards  wide  in  most  places,  with  a  depth 
varymg  froni  3,000  to  6,000  feet.  On  each  side  of  this  Great  Caiion  are 
numerous  other  canons,  al  the  bottom  of  which  tributary  streams  either  now 
run,  or  once  have  run.  These  great  chasms  are  the  result  of  river  erosion  and 
have  been  worn  out  of  the  high  and  arid  table-land  of  this  marvellous  region. 

That  these  mighty  gaps  have  been  formed  mainly  by  the 
action  of  the  rivers  is  plainly  proved  by  the  fact  that  the  beds  on 
each  side  of  the  canons  correspond  perfectly,  and  also  by  there 
being  no  signs  of  fissures  or  rents  produced  by  any  convulsion 
of  the  land.  In  some  places  the  vertical  walls  of  the  canons 
reach  quite  up  to  the  table -land  above  ;  at  other  places  the  walls 
present  inchned  slopes  on  which  gigantic  earth-pillars  resem- 
bling towers,  pinnacles,  buttresses,  &c.,  have  been  formed  in  the 
way  previously  described. 

Many  ravines  have  been  formed  by  the  slow  retrocession  of 
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Ontario. 


Fig.  97— Section  showing  the  Rocks  at  the  Falls  of  Niagara. 

a,  sandstone  ;  b,  shale  ;  c,  beds  of  limestone. 

the  waterfalls  that  occur  in  the  beds  of  some  rivers.  Such  has 
been  the  origin  of  the  deep  trench  that  stretches  a  distance  of 
seven  miles  from  Queenstown  to  the  Niagara  Falls.  This  ravine 
has  a  breadth  varying  from  200  to  400  feet,  with  almost  perpendi- 
cular walls,  which  terminate  suddenly  in  the  escarpment  or 
heights  seen  at  Queenstown,  where  the  falls  are  believed  to  have 
first  been  situated.  On  looking  at  the  figure  it  will  be  seen  that 
the  falls  take  place  from  the  edge  of  hard  limestone  rocks,  and 
that  these  rocks  overlie  beds  of  shale,  which  is  a  much  softer 
material.  These  soft  shales  are  being  continually  crumbled 
away  and  removed  by  the  spray  that  rises  from  the  pool  at  the 
foot.  The  projecting  limestone  thus  undermined  falls  down  at 
various  intervals,  and  thus  the  position  of  the  falls  is  continually 
retreating. 

It  is  even  possible  to  form  some  idea  of  the  time  taken  to 
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cut  out  the  gorge.  Recent  inquiries  have  shown  that  the  rate  of 
retrocession  is  probably  between  four  and  five  feet  per  annum, 
and  if  we  divide  the  length  of  the  gorge  by  four,  we  get  be- 
tween 9,000  and  10,000  years  as  the  time  during  which  it  has 
been  forming. 

234.  Longitudinal  and  Transverse  Valleys.— Mountain  chains  usually 
run  in  one  general  direction  ;  and  though  they  may  give  off  lateral  ridges, 
the  chief  peaks  coincide  more  or  less  with  the  axis  of  the  mam  chams.  In 
several  cases  we  find  nearly  parallel  ranges  separated  by  a  depression  or 
valley,  whose  bend  coincides  with  the  general  direction  of  the  mountain 
chains. 


Fig.  98. — Bird's-eye  View  of  the  River  and  Falls  at  Niagara. 


Such  a  valley  between  two  parallel  ranges  is  called  a  longitudinal  valley. 
Thus  the  Rhone  flows  from  its  source  in  a  glacier  of  St.  Gothard  to  Martigny 
in  the  longitudinal  valley  between  the  Bernese  Alps  on  the  north  and  the 
Italian  Alps  (Lepontine  and  Pennine)  on  the  south.  Transverse  valleys 
run  more  or  less  at  right  angles  to  the  mountain  chains.  They  are  often 
deeply  entrenched  by  the  mountain  torrents  that  run  down  their  slopes  and 
act  as  feeders  of  the  main  stream  that  runs  in  the  longitudinal  valley  (see 
fig.  99).  The  tops  of  two  adjacent  transverse  valleys  often  lie  between 
two  peaks,  the  depressions  between  which  form  a  col  or  pass  to  the  opposite 
side  of  the  mountain  chain.  Longitudinal  valleys  are  usually  longer,  have 
less  descent  and  more  gentle  streams  than  transverse  valleys. 

235.  Alluvium  and  Elver  Terraces. — When  a  river  traverses  a  wide 
valley  it  may  in  times  of  flood  overflow  its  banks,  and  the  spreading  water, 
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losing  its  velocity,  deposits  on 


forming  this  detritus. 


the  tracts  of  land  over  which  it  extends, 
silt,  mud,  sand,  and  gravel,  mixed  at  times 
with  twigs,  leaves,  and  tones. 

The  matter  washed  down  and  deposited 
on  the  sides  of  the  river  in  this  way  is  called 
alluvium  (Lat.  luo,  I  wash).  Alluvial 
soils  are  thus  formed  on  the  districts  bor- 
dering a  river,  and  the  edge  of  the  alluvial 
plain  is  generally  at  the  level  of  the  highest 
floods.  The  height  of  this  plain  is  at  first 
increased  by  successive  floods,  but  as  the 
river  deepens  its  channel  the  flood  can  no 
longer  reach  its  first  height,  part  of  th^  old 
alluvium  is  cut  into,  and  a  new  flood -plain 
is  formed  at  a  lower  level.  In  this  way 
the  river  valley  comes  to  show  a  series  of 
terraces  formed  of  alluvium.  These  ter- 
races of  mud,  sand,  and  gravel  are  often 
spoken  of  as  river  terraces.  These  allu- 
vial terraces  are  seldom  found  complete  on 
both  sides  of  a  river  at  the  same  place,  as, 
owing  to  the  serpentine  course  of  many 
streams,  the  banks  are  often  eroded  on  the 
concave  side,  and  deposits  made  only  on 
the  convex  lower  banks  (see  fig.  117). 

236.  Delta  Formation. — In  the  lower 
part  of  the  course  of  a  river  the  velocity 
of  the  stream  has  generally  become  so  much 
diminished  that  deposition  of  sediment  ex- 
ceeds erosion.  This  takes  place  in  par- 
ticular where  the  flow  is  checked  by  the 
sea  or  lake  into  which  a  river  empties  it- 
self. Here  a  large  part  of  the  sand  and 
mud  is  deposited,  and  where  the  tides  are 
small  and  the  currents  feeble  this  accumu- 
lates, so  that  in  time  the  matter  thus 
brought  down  rises  above  the  sea  level. 
In  this  way  the  river  slowly  fills  up  the  bay 
or  gulf  into  which  it  discharges  itself,  and 
a  triangular  deposit  of  low  flat  alluvial 
soil,  called  a  Delta,  is  formed.  It  is  so 
named  from  its  resemblance  to  the  Greek 
letter  A,  delta.  The  delta  begins  at  the 
point  where  the  waters  laden  with  mud 
first  met  the  sea  in  times  long  past ;  and 
from  this  point,  called  the  head  of  the 
delta,  it  gradually  widens,  growing  out- 
wards and  upwards  year  after  year.  It  is 
made  up  of  the  successive  layers  of  detritus 
brought  down  by  the  stream  ;  and  the 
shorter  and  more  rapid  the  course  of  the 
river,  the  larger  and  coarser  is  the  sediment 
In  times  of  flood,  too,  the  particles  will  be  larger 
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than  at  other  times.  The  main  stream  usually  splits  up  into  many  branches, 
which  traverse  the  accumulations  brought  down,  and  these  various  channels 
form  a  regular  network  of  streams,  which  sometimes  shift  their  directions 
owing  to  some  being  silted  up  and  new  ones  being  formed.  Among  the  well- 
known  deltas  are  those  of  the  Ganges  and  Brahmapfitra,  the  Mississippi 
the  Nile,  the  Rh  ine,  the  Rhone,  and  the  Po.  The  Ganges  has  its  source 
in  a  mountain  stream  issuing  from  a  glacier  in  the  Himalayas,  at  a  height 
of  13,800  feet  alDove  the  sea.  During  the  first  200  miles  of  its  course  it  falls 
12,000  feet,  and  has  almost  the  speed  of  a  torrent  ;  but  after  this  it  flows 
more  quietly  for  over  1,700  miles,  when  it  discharges  its  waters  by  many 
branches  into  the  Bay  of  Bengal.  During  its  course  it  receives  a  vast 
multitude  of  tributaries,  twelve  of  which  are  greater  than  the  Rhine.  It  has 
been  computed  that  the  average  discharge  of  water  by  this  river  exceeds 
200,000  cubic  feet  per  second,  and  during  floods  it  is  said  to  contain  5^  part 
of  its  weight  of  matter  in  suspension.  It  would  thus  cover  with  secfiment 
an  area  of  2,276  square  miles  to  a  depth  of  one  inch  every  year.  The  apex 
or  head  of  the  delta  is  200  miles  from  the  sea,  and  the  whole  delta  has  an 
area  of  over  8,000  square  miles.  At  Calcutta  a  boring  has  been  made 
through  the  delta  deposit  to  a  depth  of  481  feet  without  reaching  the 
bottom.  The  deposit  was  seen  to  consist  of  sand,  clay,  pebble-beds,  and 
some  vegetable  remains.  The  delta  of  the  Ganges  is  joined  by  the  delta 
formed  by  the  still  larger  river  Brahmaputra,  and  the  union  of  these  two 
immense  deltas  is  shown  in  fig.  100.  From  the  mouth  of  the  main  branch 
of  the  Ganges,  the  Hoogly  River,  to  the  mouth  of  the  main  branch 
of  the  Brahmaputra,  the  Megna  River,  there  is  a  sea  front  of  220  miles, 
and  the  area  of  the  united  deltas  is  nearly  equal  to  that  of  Ireland.  In  this 
delta  the  land  near  the  sea  is  mostly  a  swampy  marsh,  covered  with  a  rich 

vegetation    of  mangroves. 


nipa- 

palms,&c.;  while  beyond  the  margin 
of  the  land  for  some  distance  there 
are  numerous  shoals  and  sand-banks. 
As  more  sediment  is  brought  down 
the  marshy  sunderbunds  will  rise 
higher  and  become  habitable,  and 
the  shoals  and  sand-banks  will  be 
changed  into  marshy  land  forming 
a  seaward  extension  of  the  delta. 

The  quantity  of  sediment  brought 
down  by  the  Mississippi  is  even 
greater  than  that  brought  down  by 
the  Ganges.    It  has  long  ago  filled 
up  the  bay  into  which  it  first  flowed, 
and  is  now  sending  out  tongues  of 
land  into  the  Gulf  of  Mexico,  and 
advancing  at  the  rate  of  about  300  feet 
annually.    The  whole  area  of  this 
delta  exceeds  12,000  square  miles, 
Fig.  ioi.— Lower  Portion  of  Delta  of      of  which  one  third  is  sea-marsh.  The 
Mississippi.   3,  4>  6.  7,  and  8,  channels.     goosefoot-like   head  of  this  delta 
presents  a  striking  contrast  to  those  of  the  Ganges  and  the  Nile. 

The  Nile  delta  has  the  general  typical  form  of  most  deltas,  and  the  head 
of  the  delta  at  Cairo  is  85  miles  from  the  coast  (see  a  map  of  Lower  Egypt). 
In  times  of  flood,  which  happens  during  the  rainy  season  in  Abyssinia  and 
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the  interior,  the  river  is  charged  with  sediment,  but  owing  to  the  annual 
overflow  the  greater  part  of  this  sediment  is  deposited  as  a  thin  fertilising 
layer  in  Lower  Egypt,  so  that  comparatively  little  is  now  carried  out  to 
sea.  Even  that  which  is  carried  out  is  swept  away  by  a  Mediterranean 
current,  so  that  there  has  been  no  extension  of  this  old  delta  for  over  2,000 
years. 

The  Rhine  delta  forms  the  greater  part  of  Holland.  For  a  time  this  river 
was  able  to  deposit  its  sediment  near  the  mouth  without  the  currents  taking 
it  away,  but  after  advancing  a  certain  distance  the  movements  of  the  sea 
were  strong  enough  to  remove  nearly  all  the  sediment  as  fast  as  it  was 
brought,  and  but  little  further  growth  takes  place.  The  North  Sea  has, 
indeed,  reclaimed  from  the  Rhine  delta  the  large  space  now  occupied  by  the 
Zuyder  Zee.  The  Po  carries  down  in  flood-times  t^}^  part  by  weight  of 
solid  matter,  and  has  formed  deposits  that  reach  out  into  the  sea  for  21 
miles.  It  is  now  being  increased  at  the  rate  of  300  feet  a  year.  Venice, 
Ravenna,  and  other  towns  stand  on  the  delta  formed  by  this  river  and  the 
adjoining  streams.  Wells  sunk  through  the  deposits  at  Venice  show  that 
they  are  at  least  566  feet  thick.  The  Rhone  forms  a  delta  at  its  mouth 
which  is  rapidly  increasing.  Aries,  where  the  river  bifurcates,  was  14 
miles  from  the  sea  in  400  B.C.  It  is  now  30  miles  distant.  The  Rhone 
also  forms  another  delta,  not  in  the  sea,  but  in  a  lake  through  which  it 
flows  :  for  rivers  flowing  through  lakes  deposit  a  fan-shaped  mass  of  sedi- 
ment which  forms  a  delta,  the  lake  acting  as  a  sieve  to  strain  off  the 
suspened  particles  travelling  in  the  water.  Thus  the  river  Rhone  enters 
the  Lake  of  Geneva  as  a  swift  and  turbid  stream,  but  on  leaving  it  at  the 
other  end  the  waters  are  quite  blue,  clear,  and  transparent.  An  ancient 
Roman  town,  now  called  Port  Vallais,  and  once  situated  at  the  water's 
edge,  is  at  this  time  more  than  half  a  mile  inland.  Hence  the  intervening 
alluvial  tract  must  have  been  deposited  during  the  last  1,800  years. 

Such  a  delta  is  called  a  lacustrine  delta  (Lat.  lacus,  a  lake). 
Lakes  into  which  rivers  flow  are  thus  being  contracted  at  theii 
upper  ends,  and  are  slowly 
being  filled  up  by  the  sedi- 
ment which  the  river  trans- 
ports. 

In  the  district  occupied 
by  the  delta  the  sand  and 
silt  are  deposited  most  abun- 
dantly on  the  margins  of  the 
river  channels,  and  thus  the  banks  are  raised  higher  than  the 
general  plain.  The  banks  of  the  Po  and  other  deltaic  rivers  in 
the  lower  parts  of  their  course  have  been  further  raised  arti- 
ficially in  order  to  preserve  the  country  from  flooding.  As  the 
river  deposits  on  its  bed,  this  may  even  rise  till  the  level  of  the 
water  is  above  that  of  the  surrounding  country.  Should  the 
river  burst  its  banks  great  damage  and  destruction  of  property 


Fig. 


-Stream  running  into  a  Lake  and 
forming  a  Delta. 
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follow.  Fig.  103  shows  a  section  of  a  river  in  a  delta,  and  is 
very  different  from  that  of  the  stream  when  flowing  through  the 
valley  in  the  higher  parts  of  its  course. 


Fig.  103.— Section  of  River  in  a  Delta. 


Every  river  does  not  form  a  delta  at  its  mouth  even 
when  it  brings  down  plenty  of  sediment.    Where  the  coast- 
line near  the  mouth  is  steep,  where  the  sea  is  deep,  and,  the 
velocity  of  the  stream  great,  or  where  there  are  powerful 
tidal  currents,  no  delta  is  formed.    Thus  the  Thames  forms  no 
delta,  although  it  brings  down  every  year  a  large  quantity  of 
sediment.    Much  of  this  is  deposited  near  the  mouth,  particu- 
larly during  the  rise  of  the  tide,  when  the  downward  current  of 
the  stream  is  arrested.    But  as  the  tide  flows  out  it  assists  the 
river  current  itself  in  sweeping  away  the  previous  deposit.  The 
conflicting  currents  in  the  estuary  or  tidal  part  of  a  river  often 
give  rise  to  slioals  and  sand-hanks,  the  sediment  being  swept 
away  in  one  part  and  gathered  together  in  other  parts.  At 
times  the  ponding  back  of  the  waters  by  each  rise  of  the  tide 
in  the  mouth  of  a  river  causes  the  deposition  of  the  sediment 
to  take  the  form  of  a  line  of  accumulated  material  across  the 
course  of  the  river,  known  as  a  bar. 

237.  Springs.— As  about  one-third  of  the  water  that  falls 
as  rain  sinks  into  the  ground,  it  is  necessary  to  inquire  what 
becomes- of  this  portion.  Some  kinds  of  rocks  are  said  to  be 
permeable,  but  other  kinds  are  almost  impermeable,  and  the 
water  falling  on  these  quickly  runs  off  the  surface  unless  they 
are  traversed  by  fissures.  Among  permeable  rocks  may  be 
mentioned  gravel,  loose  sand,  sandstone,  and  chalk  ;  whilst 
clay,  granite,  basalt,  and  slate  are  nearly  impermeable.  Even 
among  those  rocks  which  are  pervious  the  quantity  as  well  as 
the  rate  at  which  the  water  passes  through  is  very  variable.^  In 
valleys  where  the  strata  are  nearly  all  impermeable  the  rainfall 
runs  off  very  quickly,  and  gives  rise  to  floods  in  rainy  weather, 
while  the  rivers  become  dry  in  fine  weather.  Where  there  is  a 
fair  proportion  of  permeable  strata  through  which  the  water  can 
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pass,  an  almost  constant  supply  is  furnished  to  the  rivers.  Foi, 
Lwever  deep  this  water  may  sink,  either  through  a  porous  rock 
or  through  the  branching  fissures  of  other  rocks,  it  is  dmost 
wholly  stopped  at  last  by  an  impermeable  stratum.    It  then 
finds  its  way  along  the  junction  of  the  permeable  and  ^^^P^;^ 
meable  strata  till  it  reaches  an  outlet  at  the  surface  in  the  form 
of  a  spring.    Springs  thus  serve  to  drain  the  porous  rocks  that 
lie  above  them,  and  are  always  found  at  a  lower  level  than  the 
ground  from  which  their  supply  of  water  is  derived.    They  are 
met  with  in  all  parts  of  the  world,  in  valleys,  near  the  tops  ot 
hills,  on  the  hill-sides,  in  caverns,  and  even  under  water,  bome 
flow  forth  naturally,  while  others  have  been  formed  alter 
artificial  boring  through  the  superficial  strata.     Where  the 


Fig.  104.-A,  B,  porous  rocks  ;  C,  a  rock  with  Inter-ramifying  fissures  ;  s.  s,  surface 
^  springs.   D,  non-porous  rock. 

water  comes  from  a  great  depth  it  is  warm,  and  as  warm  water 
can  dissolve  more  mineral  matter  than  cold  water,  such  hot 
springs  are  always  richer  in  dissolved  salts  than  cold  ones. 

2^8  Surface  Springs.-In  surface  springs  the  water  simply  falls  do^yn 
through  the  rocks  by  the  action  of  gravity,  and  after  going  through  its 
underlround  course  comes  out  at  the  surface  ^""^^^/T'Tb)  The 
iunction  of  a  porous  and  impervious  layer  (see  fig.  l04,AandB  .  Ihe 
S  at  which  the  water  flows  out  is  often  determined  by  the  inclination 
^^  dip  of  the  strata,  the  amount  of  dip  being  measured  by  *e  angle  which 
the  surface  of  the  bed  makes  with  a  horizontal  line.  It  is  evident  that  as 
the  water  passes  through  the  porous  rocks  above  it  will  sink  uniA  it  reaches 
the  impermeable  rocks,  and  then  flow  along  in  the  direction  of  the  dip  or  in- 
clination until  the  strata  come  to  light  in  a  valley  or  the  side  of  a  hilh  Hence 
such  surface  springs  are  also  called  dip  sprmgs  (see  ^  in  A  and  B)  Of  couise 
the  upper  pervious  layer  will  only  hold  a  certain  amount  of  water  and 
when  it  becomes  saturated  to  the  top  the  water  will  run  off  at  the  surface 

2-iQ  Deep-seated  Springs.— In  deep-seated  springs  the  water  has  sunk 
through  the  joints  and  crevices  which  are  found  in  most  rocks  to  a  con- 
siderable depth.  Then,  not  being  able  to  get  any  lower,  the  Pressure  of 
the  water  behind  and  above  forces  it  up  through  some  fracture  or  fissure 
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opening  upwards  till  it  reaches  the  surface.  These  springs  may  Ije  found 
cnner  in  a  valley,  or  at  a  considerable  height  on  a  hill.  They  are  fed  by 
the  distant  strata,  and  the  water  having  passed  through  the  cracks  and 
lissurcs  of  Its  underground  course  comes  to  the  surface  by  pressure.  Thus 
in  fig.  104  the  water  that  passes  through  the  crevices  of  the  rocks  at  the  higher 
part  C  may  pass  down  to  a  great  depth  ;  but  when  these  rocks  Vjccome 
lull  the  water  is  forced  up  at  the  lower  point  s.  Such  a  deep-seated  spring 
may  also  rise  at  the  junction  of  a  water-bearing  rock  with  a  compact  iiiiper- 
vious  rock.  * 

240.  Artesian  Wells.  — An  important  class  of  artificial 
springs  or  wells  is  known  as  Artesian  Wells.  Where  bent 
pervious  beds  of  rock  lie  between  two  bent  impervious  beds;  so 
as  to  make  a  basin-shaped  depression,  lower  in  the  middle  than 
at  the  edges,  the  rain  which  sinks  into  the  pervious  rock  where 
it  reaches  the  surface  will  begin  to  gather  in  the  central  part  of 
the  porous  rock  as  in  a  reservoir.  If  a  hole  be  now  bored  in 
the  hollow  of  the  upper  impervious  bed  till  it  reaches  the  water- 
bearing stratum,  the  water  will  well  out  at  the  top.    The  section 


Fig.  105.— fl,  artesian  well ;  b,  b,  impermeable  strata  ;  c,  c,  porous  stratum  ; 
d,  d,  collecting  surfaces. 

shown  in  fig.  105  illustrates  the  arrangement  of  strata  necessary  to 
produce  such  a  well  The  water  thus  obtained  may  have  fallen 
a  distance  of  many  miles  several  months  previously,  and  if  the 
gathering-ground  be  high  the  issue  at  the  well  may  be  forced  by 
the  pressure  of  the  water  behind  to  a  considerable  height. 
London  and  Paris  are  both  situated  in  such  basin-like  depres- 
sions. Some  of  the  water  in  London  is  obtained  by  boring 
through  the  upper  layer  of  what  is  called  London  clay  till  the 
Tertiary  sand  or  chalk  is  reached.  When  such  water-bearing 
strata  are  not  tapped  artificially  the  water  will  at  last  overflow  as 
a  natural  spring.  It  has  been  calculated  that  the  water  which 
falls  on  the  chalk  hills  in  Hertfordshire  takes  about  sixteen 
months  to  travel  to  its  outlet  in  the  springs  that  feed  the  river 
Lea. 

241.  Thermal  and  Mineral  Springs.— Springs  of  heated 
water  are  known  as  thermal  springs.  Springs  which  hold  an 
unusual  quantity  of  mineral  matter  in  solution  are  called 
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mineral  springs.  Ordinary  spring  water  contains  from  60  to 
500  parts  of  mineral  matter  in  1,000,000.  As  thermal  springs 
usually  contain  dissolved  in  them  mineral  substances  not  held 
in  solution  by  springs  of  cold  water,  they  are  generally  mineral 
springs  also.  The  temperature  of  such  springs  depends  on  the 
depth  from  which  the  waters  rise.  There  is  a  boring  near 
Berlin  to  a  depth  of  4,172  feet,  and  the  water  which  rises  has 
a  temperature  of  110°  F.  As  several  natural  springs  have 
a  much  higher  temperature,  we  may  assume  that  they  rise 
from  a  still  greater  depth.  Thus  the  waters  at  Carlsbad 
have  a  temperature  of  150°  F.  Mineral  springs  are  of  several 
kinds  : — 

(1)  Those  having  in  solution  an  oxide  of  iron  and  possessing  an  inky 
taste  are  known  as  ferruginous  or  chalybeate  springs. 

(2)  Calcareous  springs,  which  are  abundant  in  limestone  and  chalk 
districts,  are  those  which  have  dissolved  much  carbonate  of  lime  (see  par. 


Fk-,.  106.— Diagram-section  (after  Prestwich)  showing  how  a  spring  may  rise  beneath  water. 
A,  fissured  rocks  allowing  water  to  percolate  into  the  channels  c,  c,  c.  p,  point  where 
the  channels  come  to  the  surface  of  the  rock  beneath  the  water,  spring  rising  through 
water. 


242.  Submarine  Springs. — It  is  not  difficult  to  see  how  in  certain  cir- 
cumstances a  spring  of  water  may  occur  in  the  bed  of  a  river,  or  even  be- 
neath the  surface  of  the  sea.  Submarine  springs  of  fresh  water  are  found 
on  several  parts  of  the  Mediterranean  coast.  Where  the  coast  is  high,  and 
the  rocks  are  fissured  in  such  a  way  that  the  orifice  of  escape  is  beneath  the 
sea,  the  pressure  of  the  water  at  the  higher  levels  may  be  so  great  as  to 
drive  out  the  fresh  water  into  the  sea-bed.  Owing  to  its  lighter  specific 
gravity,  as  well  as  to  the  force  of  ejection,  the  water  of  such  a  spring  rises 
to  the  surface  (see  fig.  io6). 
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Fig.  107  — Intermittent  Spring. 


243.  Intermittent  Springs. -Some  springs  are  met  with  whose  flow  is 
discontinued  for  a  time  and  then  begins  again.    These  intervals  are  of 

—  —  various    duration,  and 


seem  to  depend  chiefly 
on  the  amount  of  rain. 
The  phenomenon  is  easily 
understood  on  reference 
to  fig.  107.  Here  we  see 
a  subterranean  cavity, 
which  may  have  arisen 
cither  by  the  solvent  ac- 
tion of  the  water  or  in 
consequence  of  some  vio- 
lent disturbance,  it  is 
fed  by  a  number  of  fis- 
sures  in  the  overlying 
rock,  and  the  channel  of 
escape  is  seen  to  curve 
upwards.  As  long  as  this 
underground  reservoir  is 

244.  landshps.-It  occasionally  happens  that  large  masses  of  rock 
slide  down  a  hill  or  mountain  into  a  valley,  or  on  to  a  sea-coast.  In  such 
cases  the  strata  are  usually  inclined  towards  the  direction  of  the  falling 
mass.  This  slips  down  because  the  action  of  the  underground  water  h^ 
removed  or  rendered  soft  and  slippeiy  the  supporting  stratum,  and  hence  th^ 
overiying  portion  slides  forward  and  tumbles  down.^  Such  calamities  often 
happen  after  a  rainy  season  in  mountainous  districts  where  porous  beds, 
such  as  sandstone  or  conglomerate,  rest  on  sloping  beds  of  impervious  clay. 
The  great  fall  from  the  Rossberg  mountain  inSwitzeriand  on  September  2, 
1806,  was  brought  about  owing  to  the  support  of  some  upper  beds  being 
removed  after  a  long  period  of  rain.  An  immense  mass  of  rock  slipped 
down  into  the  plain  of  Goldau,  destroyed  two  villages,  and  killed  800 
persons.    A  large  landslip  took  place  at  Axmouth,  on  the  Dorsetshire 

™  ^^39-  This  was  caused  by  the  springs  that  issue  from  the  face  of 
the  cliff^5  gradually  removing  the  support  of  the  upper  part  of  the  cliff's,  Sf> 
that  the  superincumbent  mass  fell  forward  towards  the  sea. 

245.  Geysers.— Geysers  are  hot  springs  which  are  chiefly  found  in  vol- 
canic districts,  and  which  shoot  up  columns  of  water  at  various  intervals 
These  intermittent  jets  sometimes  rise  to  a  height  of  two  hundred  feet. 
Ihe  \ellowstone  Park  in  the  Rocky  Mountains  is  the  most  remarkable 
geyser  region  in  the  worid.  The  great  Beehive  Geyser  discharges  a 
column  once  a  day,  while  others  play  almost  every  hour.  Iceland  is 
another  well-known  geyser  region.  All  the  geyser  waters  hold  in  solution 
a  considerable  quantity  of  silica.  The  highly  heated  water  decomposes  the 
felspar  and  other  volcanic  rocks,  and  becoming  slightly  alkaline  with  the 
soda  or  potash  these  contain,  it  is  enabled  to  form  a  silicious  solution. 
The  sihca  taken  up  is  deposited  again  round  the  mouth  of  the  orifice. 
Minute  plants  termed  algae  are  known  to  live  in  the  hot  water,  and  to  aid  iii 
throwing-  down  the  silica  from  solution  to  form  the  sinter  deposits  (par.  135). 
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The  cause  of  the  periodical  eruptions  is  probably  to  be  found  in  the 
gradual  increase  of  heat  with  the  depth  of  the  tube.  In  the  middle  and 
lower  parts  the 
temperature  is  far 
above  the  boiling- 
point  (212°  F.)  at 
the  ordinary  pres- 
sure. But  at  last 
the  lower  portion 
rises  to  a  position 
where  the  tem- 
perature is  above 
the  boiling-point 
at  the  pressure  it 
there  sustains,  and 
then,  flashing  into 
steam,  it  hurls  the 
column  above  in- 
to the  air.  After 
playing  for  a  few 
minutes  the  water 
falls  back  into  the 
basin,  and  remains 
quiet  for  a  time. 

246.  Glaciers.  , 
—  The  snow 
which  falls 
above  the  snow- 
line partly  dis- 
appears through 
evaporation 
from  its  surface, 
but  as  the  sup- 
ply far  exceeds 

the  waste,  it  tends  to  accumulate.  On  attaining  a  certain 
depth  its  own  weight  is  sufficient  to  press  the  lower  portions 
into  ice,  and  this  change  into  ice  is  also  brought  about  by  the 
water  that  forms  during  the  heat  of  midday  sinking  through 
the  crevices  of  the  mass  and  freezing  at  night.  Successive 
layers  are  formed  as  each  winter's  snowfall  succeeds  another, 
and  a  semi-compact  granular  mass  of  ice  forms  at  the  upper  cup- 
shaped  end  of  a  mountain  valley.  The/beds  of  snow  accumu- 
lated by  each  winter's  fall  form  layers  ..of  irregular  thickness, 
being  usually  separated  by  a  dirt-line,  consisting  of  dust  and 


Fig.  108 — The  Giant  Geyser,  United  States. 
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fine  grit  that  has  been  blown  on  to  the  surface  in  summer. 
When  a  sufficient  depth  of  such  snow-derived  ice  has  collected, 
the  lower  portions  are  squeezed  out  and,  impelled  by  gravity 
and  the  pressure  behind,  travel  down  the  valley  slope  as'  a 
river  of  ice,  ox  glacier.  This  compacted  parent  mass  of  snow- 
ice  is  called  n'cv'e,  or  firn,  and  it  only  gathers  where  there  is  a 


Fig.  log.  —Glacier  Landscape,  showing  the  origin  in  distant  snow-fields  and  the  river 
flowing  out  from  the  archway  of  ice  at  the  end.  On  the  surface  are  seen  great  fissures 
(crevasses),  lines  of  rubbish  (moraines),  and  a  pillar  of  ice  capped  by  a  block  of  stone 
(glacier  table).  In  the  foreground  are  shown  ice-worn  hummocks  of  rock  {roclus 
moMtonnees)  and  transported  blocks  of  stone. 


suitable  cup-shaped  expansion  at  the  head  of  a  mountain  valley 
that  reaches  up  to  the  snow-fields.  On  conical  mountains  with 
very  steep  sides  the  snow  does  not  gather,  but  soon  falls  down 
to  the  foot,  where  it  is  melted.  Hence  a  glacier  may  be  described 
as  a  stream  of  ice  formed  by  the  consolidation  through  pressure 
of  mountain  snow.  From  the  sides  of  steep  mountains  masses 
of  snow  sometimes  slide  down  suddenly,  and,  accumulating  as 
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they  descend,  cause  great  destruction  in  the  valleys  below. 
Such  falling  masses  are  called  avala?iches. 

247.  Motion  and  Size  of  Glaciers. — A  glacier  fills  up  its 
valley  to  a  certain  height,  and  accommodates  itself  to  the  various 
windings.  It  moves  slowly  down,  being  pushed  on  from  above, 
partly  by  sliding  and  partly  by  a  yielding  in  the  mass  itself. 
Professor  Tyndall  attributes  this  yielding  to  continual  frac- 
ture and  regelation  in  the  mass,  but  Forbes  maintained  that  ice 
behaves  like  a  very  viscous  fluid,  the  glacier  being  a  plastic 
mass  with  tenacity  sufficient  to  mould  itself  upon  the  obstacles 
which  it  encounters,  except  where  the  forces  are  so  violent  as 
to  produce  fissures.  As  mountain  valleys  often  lead  into  one  ' 
another,  several  glaciers  may  unite  in  a  single  valley  to  form  one 
large  trunk  glacier.  The  rate  at  which  a  glacier  moves  varies 
with  the  season 
and  slope,  the  mo- 
tion being  less  in 
winter  than  in  sum- 
mer. The  motion, 
too,  is  greater  at 
the  centre  than  at 
the  side,  greater  in 
its  upper  than  in 
its  lower  surface,  fig.ho.- 
In  this  respect  it 
exactly  resembles  the  flow  of  a  river.  The  motion  has  been 
proved  by  driving  a  straight  row  of  stakes  across  a  glacier,  and 
observing  these  in  the  following  year.  They  were  all  found  to 
have  moved  down,  but  those  nearest  the  middle  had  moved 
farthest,  and  the  stakes  thus  pre- 
sented the  form  of  a  curve.  Some 
glaciers,  where  the  slope  is  slight, 
move  only  three  or  four  inches  a 
day  ;  in  other  cases  a  rate  of  from 
three  to  four  feet  a  day  has  been  observed.  Greenland  glaciers 
have  a  still  greater  rate  of  motion  (par.  193).  The  varying 
rate  of  the  motion  of  the  ice  in  different  parts  of  the  glacier 
and  the  irregularities  of  its  bed,  cause  strains  in  the  ice,  by  which 


-Longitudinal  Section  of  a  Glacier,  showing  large 
crevasses  at  b  on  the  steep  slope. 


FiG.  III. — Cross-section  of  a  Glacier. 


N  2 


i8o 


Elementary  Physiography 


fissures  or  crevasses  are  produced.  Some  of  these  crevasses 
are  of  immense  size,  especially  where  there  is  a  sudden  descent 
in  the  bed  of  the  glacier,  and  the  ice  falls  over  the  summit  of  a 
slope.  Hence  the  surface  of  a  glacier  is  seldom  even,  but  has 
the  appearance  of  broken  and  irregular  blocks  confusedly 
heaped  together.  The  Swiss  Glacier  varies  in  length  from  5  to 
16  miles,  in  breath  from  to  3  miles,  and  in  depth  from  500  to 
1,000  feet.  The  huge  Baltoro  Glacier,  fed  by  the  x\€v€  of  the 
Korakoram  Mountain,  is  36  miles  long.  But  even  this  is 
exceeded  by  the  Arctic  glaciers  which  cover  Greenland,  and 
which  give  origin  to  icebergs  as  already  explained.  The 
Norwegian  glaciers  are  mostly  shorter  than  the  larger  Swiss 
glaciers.  As  the  glacier  is  pushed  down  the  valley  it  is  con 
stantly  being  lessened  by  evaporation  and  liquefaction,  but  the 
pressure  of  the  mass  behind  usually  causes  the  compact  ice  to 
descend  below  the  snow-line,  sometimes  to  a  distance  of  5,000 
feet.  It  ends  as  a  broken  cliff  of  ice,  with  an  archway  from 
which  flows  a  stream  of  muddy  water.  During  periods  when 
the  snowfall  on  the  height  is  less  than  usual,  or  when  the 
summer  heat  is  unusually  great,  the  foot  of  the  glacier  retreats. 
Most  of  the  Swiss  glaciers  are  thus  falling  back  somewhat,  and 
this  seems  to  point  to  some  change  of  climate. 

248.  Moraines. — The  sides  of  the 
steep  rocky  valleys  through  which  the 
glacier  descends  are  constantly  being 
acted  upon  by  the  weather,  and  angular 
fragments  of  rock  frequently  fall  on 
the  sides  of  the  glaciers.  These  form 
what  are  called  the  lateral  or  side 
moraines. 

When  two  glaciers  unite  to  form 
one  stream,  two  of  the  lateral  moraines 
unite  and  descend  along  the  centre, 
Fig.  112.— Plan  showing  Position  forming  what  is  Called  a  medial  or 

of  Moraines.     J,      lateral  mo-  ,       ,         _  \      -r,  i 

raines  ;  wz,  middle  moraines  ;  ^■^^Z/ra/  J?lOraine  (seC  fig.  I  I2j.  Both 
A  terminal  moraines.  j^^^^.^^  ^^^^^j^j  moraineS  are 

transported  along  the  surface  of  the  glacier  to  where  it  termi- 
nates, and  there  the  mass  of  stones  and  rubbish  is  discharged, 
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forming  in  front  of  the  glacier  what  is  called  a  terminal  moraine. 
In  this  way  hundreds  of  tons  of  rocks,  some  of  which  have 
been  borne  on  the  back  of  the  glacier  for  many  miles,  are 
gathered  together.  The  surface  of  the  glacier  is  constantly 
decreasing  by  evaporation  and  the  sun's  heat,  and  thus  in 
summer  streams  of  water  pour  into  the  crevasses,  and  flow 
along  beneath  the  surface  till  they  reach  the  foot.  In  some 
parts  a  block  of  stone  prevents  the  melting  of  the  ice  beneath 
it,  so  that  there  a  column  of  ice  forms  having  a  stone  cap. 
This  is  known  as  a  glacier  table. 

249.  Erosion  of  Rocks  by  Glaciers.— Not  only  does  the  glacier  carry 
down  numerous  rock-masses  on  its  surface,  but  others,  called  the  moraine 
profonde,  are  pushed  along  beneath  the  glacier,  finally  forming  part  of  the 
terminal  moraine.  Many  of  these  have  fallen  from  the  surface  into 
crevasses  at  the  sides  or  in  the  middle  of  the  glacier.  On  emerging  at  the 
end  they  show  an  appearance  very  different  from  the  angular  fragments  that 
are  deposited  from  the  lateral  and  medial  moraines.  While  beneath  the 
surface  and  held  in  by  ice  they  have  been  subjected  to  great  friction  on 
the  bottom  or  sides  of  the  rocky  glacier-bed.  All  their  corners  and  pro- 
jections are  worn  off,  and  their  surfaces  have  a  smooth  and  polished  appear- 
ance. They  have  been  ground  against  the  underlying  rocks,  and  have  in 
their  turn  grooved  and  scratched  the  rocks  over  which  they  have  passed, 
the  marks  of  this  scratching  being  known  as  strice  (fig.  119).  In  this 
polishing  and  marking  of  the  rocks  the  fine  sand  and  silt  resulting  from 
the  wear  acts  like  emery  powder  in  polishing  the  exposed  surfaces.  On 
the  bed  of  the  glacier  are  found  smooth  rounded  rocks,  known  from  their 
appearance  as  roches  moutoitnecs  (sheep-rocks).  The  dome-shaped  roches 
moiitonnies  have  usually  a  smooth  and  rough  side,  the  smooth  slope  being 
in  the  direction  from  which  the  ice  travels  ;  while  other  roches  tnotitonnees 
are  rounded,  striated,  and  polished  on  all  sides.  Such  roches  mou'onnees 
are  to  be  seen  when  the  foot  of  a  glacier  retreats  during  a  hot  season,^  or 
they  may  be  found  exposed  on  what  was  once  the  bed  of  an  ancient  glacier. 

In  the  bed  of  a  glacier,  hollow  rounded  cavities  called  moulins,  or 
glacier-mills,  are  drilled  out  where  a  stream  of  water,  derived  from  the 
melted  ice  of  the  upper  surface,  descends  through  a  crevasse.  Such  little 
rivulets  frequently  form  and  fall  down  with  a  loud  roar.  As  the  supply  of 
water  is  cut  off  by  a  fresh  crack  a  new  moulin  is  formed.  Some  of  these 
streams  scoop  out  in  the  solid  rock  a  moulin  many  feet  deep. 

250.  Glacier  Waters. — The  turbid  water  issuing  from  the 
cavity  at  the  foot  of  a  glacier  has  been  partly  derived  from 
the  melting  that  has  taken  place  all  along  the  surface,  partly 
from  the  melting  at  the  bottom  of  the  bed  due  to  friction, 
and  partly,  it  may  be,  from  springs.  It  has  always  a  peculiar 
milky  appearance,  due  to  the  light  grey  sediment  in  suspension. 
The  impalpable  pov/der  that  forms  this  sediment  is  one  of  the 
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products  of  the  encrmous  grinding  that  goes  on  underneath 
the  ice  mass,  and  its  fineness  keeps  it  from  fallin-r  down  until 
the  river  has  reached  the  lower  and  quieter  part  of  its  course 
Some  of  the  sediment  of  the  Rhine  Glacier  may  be  found  de- 
posited on  the  flats  of  Holland.  When  deposited  this  silt 
forms  a  kind  of  bluish-grey  loam  or  clay.  Rivers  which  take 
their  rise  in  glaciers  are  always  fuller  and  more  turbulent 
towards  the  end  of  summer  than  at  other  times,  as  then  the 
greatest  amount  of  ice  is  melted.  In  winter  the  flow  from  the 
foot  of  the  glacier  is  at  its  minimum.  , 

251.  Ancient  Glaciers.— As  the  rocks  over  which  glaciers  pass  are  so 
distinctly  marked,  and  as  the  transported  material  is  so  great,  it  is  plain 


Fig.  II 5.  —Roches  Mouionnees  and  Perched  Blocks. 


that  any  old  glaciers  that  have  disappeared  will  have  left  marks  and  relics 
that  may  be  easily  recognised.  Polished  rocks  and  moraines  of  former 
glaciers  can  be  seen  in  many  parts  of  the  lower  Swiss  valleys,  and  in  several 
countries  of  Europe,  Asia,  and  America,  where  no  glaciers  are  now  found. 
Moraine  matter,  striated  and  planed  rocks,  may  even  be  found  in  the  valleys 
of  Snowdon  and  Cumberland,  and  the  morainic  matter  from  old  British 
glaciers  is  scattered  over  many  parts  of  our  country,  and  is  kno\vn  as 
Boulder  Clay.  Long  before  history  begins  the  valleys  of  Britain  were  filled 
with  glaciers,  thus  showing  that  the  climate  of  our  country  was  once  very 
different.  Rounded  sheep-rocks  {roches  inoutonnies)  may  be  easily  found 
in  the  Lake  district  and  various  parts  of  Scotland.  The  former  enormous 
extent  of  glaciers  is  also  proved  by  the  numerous  transported  blocks.  Their 
huge  size,  their  angular  corners,  and  their  difference  from  the  rocks  on 
which  they  are  found,  all  afford  evidence  that  they  have  been  carried  into 
their  present  position  by  ice.  These  detached  masses  were  left  by  the  ice 
on  the  surface  of  other  rocks,  often  on  the  summit  or  edges,  and  are  known 


Glacier es  ^^3 

^.perched  blocks.  They  are  well  seen  in  the  Pass     Llanbens  on  the^^^^^^^^^ 

S4owdon     (The  word  ^J^,^^^^ 

worn  rounded  masses  of  stone,  or  to  the  more  or  it-bb  ii-c  vy 

'''%T^^^.::-\^^^^^^  not  be  confounded  with  glaciers 

Gla^&s  are"rce  c;verns,  or  caves  full  of  ice.  They  occur  unc^^^^^^^^^^^^^ 
with  any  glaciers,  and  are  found  in  ccrUam  districts  where  a  cold^^^^^^^^^^ 
air  enters  a  hollow  cavity,  and  where  ice  is  formed  ,  ,7^'*' f  ^^f*' 

melted  by  the  warmth  of  summer,  though  the  te^^perat.ue  o  the  c^^^^^^^ 
then  be  above  freezing-point.  A  remarkable  glaciere     °  f  ^  ,  J^^^^^j^" 
in  Hungary;  others  are  found  in  various  parts  of  the  Alps,  and  in 


Iceland. 


Fig.  114. — View  from  Central  Moraine  of  a  Glacier. 

253.  The  following  passages  from  an  eloquent  lecture  on 
glaciers  by  Professor  Helmholtz  ^  will  assist  in  giving  the  reader 
more  vivid  and  distinct  ideas  regarding  these  wonderful  phe- 
nomena : — 

'  The  outward  appearance  of  glaciers  is  very  characteristically  described 
by  comparing  them,  with  Goethe,  to  currents  of  ice.  They  generally 
stretch  from  the  snow-fields  along  the  depth  of  the  valleys,  filling  them 
throughout  their  entire  breadth,  and  often  to  a  considerable  height.  They 


'  Translated  by  Professor  Atkinson. 
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thus  follow  all  the  curvatures,  windings,  contractions,  and  enlargements  of 
the  valley.  Two  glaciers  frequently  meet,  the  valleys  of  which  unite.  The 
two  glacial  currents  then  join  in  one  common  principal  current,  filling  up 
the  valley  common  to  them  both.  In  some  places  these  ice-currents 
present  a  toleraljly  level  and  coherent  surface,  but  they  are  usually  traversed 
by  crevasses,  and  both  over  the  surface  and  through  the  crevasses  countless 
small  and  large  water-rills  ripple,  which  carry  off  the  water  formed  by  the 
melting  of  the  ice.  United  and  forming  a  stream,  they  burst,  through  a 
vaulted  and  clear  blue  gateway  of  ice,  out  at  the  lower  end  of  the  larger 
glacier. 

'  On  the  surface  of  the  ice  there  is  a  large  quantity  of  blocks  of  stone, 
and  of  rocky  debris,  which  at  the  lower  end  of  the  glacier  are  heaped  up 
and  form  immense  walls  ;  these  are  called  the  lateral  and  terminal  vioraine 
of  the  glacier.  Other  heaps  of  rock,  the  central  nioraine,  stretch  alon^the 
surface  of  the  glacier  in  the  direction  of  its  length,  forming  long  regular 
dark  lines.  These  always  start  from  the  places  where  two  glacial  streams 
coincide  and  unite.  The  central  moraines  are  in  such  places  to  be  re- 
garded as  the  continuations  of  the  united  lateral  moraines  of  the  two 
glaciers. 

'  The  formation  of  the  central  moraine  is  well  represented  in  the  view 
above  given  of  the  Unteraar  Glacier  (fig.  114).  In  the  background  are  seen 
the  two  glacier  currents  emerging  from  different  valleys— on  the  right  from 
the  Schreckhorn,  and  on  the  left  from  the  Finsteraarhorn.  From  the  place 
where  they  unite  the  rocky  wall  occupying  the  middle  of  the  picture 
descends,  constituting  the  central  moraine.  On  the  left  are  seen  individual 
large  masses  of  tock  resting  on  pillars  of  ice,  which  are  known  as  glacier 
tables. 

'  To  exemplify  these  circumstances  still  further,  I  lay  before  you  in  fig. 
115  a  map  of  the  Mer  de  Glace  of  Chamouni,  copied  from  that  of  P'orbes. 

'The  Mer  de  Glace  in  size  is  well  known  as  the  largest  glacier  in 
Switzerland,  although  in  length  it  is  exceeded  by  the  Aletsch  Glacier.  It 
is  formed  from  the  snow-fields  that  cover  the  heights  directly  north  of 
Mont  Blanc,  several  of  which,  as  the  Grande  Jorasse,  the  Aiguille  Verte 
(a,  fig.  115),  the  Aiguille  du  Geant  (b),  Aiguille  du  Midi  (c),  and  the 
Aiguille  du  Dru  (d),  are  only  2,000  to  3,000  feet  below  that  king  of 
the  European  mountains.  The  snow-fields  which  lie  on  the  slopes  and  in 
the  basins  between  these  mountains  collect  in  three  principal  currents,  the 
Glacier  du  Geant,  Glacier  de  Lechaud,  and  Glacier  du  Talefre,  which, 
ultimately  united  as  represented  in  the  map,  form  the  Mer  de  Glace  ;  this 
stretches  as  an  ice-current  2,600  to  3,000  feet  in  breadth  down  into  the 
valley  of  Chamouni,  where  a  powerful  stream,  the  Arveyron,  bursts  from  its 
lower  end  at  k,  and  plunges  into  the  Arve.  The  lowest  precipice  of  the 
Mer  de  Glace,  which  is  visible  from  the  valley  of  Chamouni,  and  forms  a 
large  cascade  of  ice,  is  commonly  called  Glacier  des  Bois,  from  a  small 
village  which  lies  below. 

'  Most  of  the  visitors  at  Chamouni  only  set  foot  on  the  lowest  part  of  the 
Mer  de  Glace  from  the  inn  at  the  Montanvert,  and  when  they  are  free  from 
giddiness  cross  the  glacier  at  this  place  to  the  little  house  on  the  opposite 
side,  the  Chapeau  (n).  Although,  as  the  map  shows,  only  a  comparatively 
very  small  portion  of  the  glacier  is  thus  seen  and  crossed,  this  way  shows 
sufficiently  the  magnificent  scenes,  and  also  the  difficulties  of  a  glacier  ex- 
cursion. Bolder  wanderers  march  upwards  along  the  glacier  to  the  Jardin, 
a  rocky  cliff  clothed  with  some  vegetation,  which  divides  the  glacial  current 
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of  the  Glacier  du  Talefre  into  two  branches  ;  and  bolder  still  they  ascend 
yet  higher,  to  the  Col  du  Geant  (11,000  feet  above  the  sea),  and  down  the 
Italian  side  to  the  valley  of  Aosla. 

'  The  surface  of  most  glaciers  is  dirty,  from  the  numerous  pebbles  and 
sand  which  lie  upon  it,  and  which  are  heaped  together  the  more  the  ice 


Fig.  115. 

under  them  and  among  them  melts  away.  The  ice  of  the  surface  has  been 
partially  destroyed  and  rendered  crumbly. 

'  In  the  depths  of  the  crevasses  ice  is  seen  of  a  purity  and  clearness  with 
which  nothing  that  we  are  acquainted  with  on  the  plains  can  be  compared. 
From  its  purity  it  shows  a  splendid  blue,  like  that  of  the  sky,  only  with  a 
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greenish  hue.  Crevasses  in  which  pure  ice  is  visible  in  the  interior  occur 
01  all  sizes :  in  the  beginning  they  form  slight  cracks  in  which  a  knife  can 
scarcely  be  inserted  ;  becoming  gradually  enlarged  to  chasms,  hundreds  or 
even  thousands  of  feet  in  length,  and  twenty,  fifty,  and  as  much  as  a 
hundred  feet  in  breadth,  while  some  of  them  are  immeasurably  deep; 
Their  vertical  dark  blue  walls  of  crystal  ice,  glistening  with  moisture  from 
the  trickling  water,  form  one  of  the  most  splendid  spectacles  which  nature 
can  present  to  us ;  but,  at  the  same  time,  a  spectacle  strongly  impregnated 
with  the  excitement  of  danger,  and  only  enjoyable  by  the  traveller  who 
feels  perfectly  free  from  the  slightest  tendency  to  giddiness.  The  tourist 
must  know  how,  with  the  aid  of  well-nailed  shoes  and  a  pointed  alpen- 
stock, to  stand  even  on  slippery  ice,  and  at  the  edge  of  a  vertical  precipice 
depth  °  darkness  of  night,  and  at  an  unknown 

'We  have  hitherto  compared  the  glacier  with  a  current  as  regards  its 
outer  form  and  appearance.  This  similarity,  however,  is  not  merely  an  ex- 
ternal one  ;  the  ice  of  the  glacier  does,  indeed,  move  forwards  like  the 
water  of  a  stream,  only  more  slowly.  That  this  must  be  the  case  follows 
from  the  considerations  by  which  I  have  endeavoured  to  explain  the  origin 
ot  a  glacier.  For  as  the  ice  is  being  constantly  diminished  at  the  lower 
end  by  melting,  it  would  entirely  disappear  if  fresh  ice  did  not  continually 
press  forward  from  above,  which,  again,  is  made  up  by  the  snowfalls  on  the 
mountain  tops. 

'  But  by  careful  ocular  observation  we  may  convince  ourselves  that  the 
glacier  does  actually  move.  For  the  inhabitants  of  the  valleys— who  have 
the  glaciers  constantly  before  their  eyes,  often  cross  them,  and  in  so  doing 
make  use  of  the  larger  blocks  of  stone  as  sign-posts-detect  this  motion  by 
the  tact  that  their  guide-posts  gradually  descend  in  the  course  of  each  year. 
And  as  the  yearly  displacement  of  the  lower  half  of  the  Mer  de  Glace  at 
Chamouni  amounts  to  no  less  than  from  400  to  600  feet,  you  can  readily 
conceive  that  such  displacements  must  ultimately  be  observed,  notwith- 
standing the  slow  rate  at  which  they  take  place,  and  in  spite  of  the  chaotic 
confusion  of  crevasses  and  rocks  which  the  glacier  exhibits.' 

254.  General  Eesults  of  Denudation.— The  general  tendency  of  the 
various  denuding  agents  is  to  crumble  away  rocks  and  to  carry  the  debris 
from  higher  to  lower  levels.  In  this  way  lakes  are  filled  up  and  disappear, 
~-  the  sea  bottom  is  covered  with  layers 

of  sediment,  and  material  is  thus 
accumulated  that  will  afterwards  be 
consolidated  into  rocks.  But  in  do- 
ing so  the  various  denuding  agents 
act  unequally.  In  one  place  the 
land  is  eroded  or  eaten  away  at  a 

^^j--     M 'rrw^rmrt^mt- >i<-!i^^l^    comparatively  great  rate ;  in  another 
^'-»  .   r  Ji*""  il|iiHLllpmi,ifr   VW-a^    place  some  of  the  denuding  agents 
Fig.  ii6.-Dyke  of  Igneous  Rock  laid  Bare  are  absent,  or  their  power  is  checked 
by  Denudation.  ^y  the  hardness  of  the  rock,  and 

little  waste  goes  on.  Various  inequalities  of  outline  are  thus  produced  on 
the  surface  of  the  earth.  Table-lands  are  carved  out  into  valleys  and 
hills,  ravines  are  deepened  and  widened,  and  mountains  are  rendered 
more  rugged  and  precipitous.  Some  idea  of  the  tremendous  amount  of 
waste  and  the  vast  periods  of  time  may  be  formed  when  it  is  pointed 
out  that  nearly  the  whole  of  the  present  scenery  of  Scotland,  its  moun- 
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IG.  117— River  Terraces,  i,  2,  levels  at  which  the  river  was  flowing  when  the  upper  and  second 
terraces  were  formed  respectively.  R,  The  present  position  of  the  river.  Ine  dotted  portions 
represent  material  brought  by  the  river. 


Fig.  118. — The  Stacks  of  Duncansby.    Evidence  of  waste  of  coast.  (Wilson.) 


Fig.  119. — Striated  Biock,  or  scratched  stone  from  a  Glacial  deposit. 
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tJiins  and  glens,  its  uplands  and  lowlands,  arc  mainly  the  result  of  the  de- 
nucling  tools  that  have  sculptured  its  present  surface.  The  level  of  the 
basin  of  the  Ganges  is  being  lowered  at  the  rate  of  one  foot  in  2,400  years, 
while  m  the  case  of  the  To  the  rate  is  one  foot  in  730  years.  Professor 
Gcikie  calculates  that  the  rate  of  denudation  in  the  British  Isles  is  one  inch 
m  800  years,  and  that  it  would  require  5,500,000  years  before  the  land  was 
reduced  to  the  level  of  the  sea.  But  while  this  crumbling  of  the  rocks  and 
dispersion  and  deposition  of  the  material  removed  have  been  going  on 
other  changes  have  been  occurring  which  tend  to  counteract  the  levelling 
produced  by  denudation.  For  though  the  land  is  slowly  sinking  in  some 
areas,  upheaval  is  taking  place  over  large  tracts  ;  and  volcanic  activity,  at 
one  time  much  greater  than  now,  frequently  throws  up  immense  quantities 
of  matter  in  floods  of  lava  or  showers  of  ashes.  There  is  thus  a  constant 
struggle  between  the  two  opposing  forces,  denudation  and  upheaval.  ^ 

255.  Representation  of  the  Surface  of  the  Earth  on  Maps. 

—For  a  considerable  period  officials  of  our  Government  have 
been  engaged  in  making  a  National  Survey  of  the  United 
Kingdom,  and  the  results  of  their  labours  are  embodied  from 
time  to  time  in  reports  and  maps.  These  maps  are  on  various 
scales.  1  The  General  Map  of  the  kingdom  is  published  in 
sheets,  and  is  on  the  scale  of  one  inch  to  the  mile  ;  that  is,  it 
is  of  the  natural  scale,  there  being  63,360  inches  in  a 

mile  :  in  other  words,  one  inch  in  length  represents  a  distance 
of  one  mile,  and  one  square  inch  represents  one  square  mile. 
The  county  maps,  which  may  also  be  obtained  in  suitable 
sheets,  are  on  the  scale  of  six  inches  to  the  mile,  or  ^^^^0  of 
the  natural  scale.  Parish  maps  and  plans  of  towns  are  on  a 
still  larger  scale.  Besides  showing  the  rivers,  canals,  railways, 
bridges,  turnpike  roads,  &c.,  most  of  these  maps  show  relief, 
that  is,  the  undulations  or  surface  elevations  of  the  country, 
either  by  means  of  contour  lines  or  by  hachures.  A  contour  lifie  is 
a  line  passing  through  all places  which  are  at  the  same  height  above 
the  sea  level.  The  sea  margin  at  a  certain  state  of  tide  is  taken 
as  the  datum  level,  and  may  be  regarded  as  the  contour  line  of 
no  elevation.  Imagine  a  mountainous  island,  and  suppose  the 
water  to  rise  a  certain  height,  say  50  feet,  A  new  water  level 
would  be  formed  '  encroaching  more  on  the  land  than  the 
former ;  encroaching  most  at  places  where  the  beach  has  the 
gentlest  slope,  not  encroaching  at  all  on  a  perpendicular  cliff, 

'  A  catalogue  of  the  various  maps  and  plans  published  by  the  Ordnance 
Survey  may  be  obtained  through  a  bookseller. 
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and  thrust  out  (seawards)  from  an  overhanging  chff.'  We 
should  thus  obtain  a  new  contour  line  of  50  feet  elevation.  By 
supposing  a  gradual  rise  of  the  sea  we  should  obtain  a  series  of 
curved  contour  lines  which  would  finally  close  in  over  the 
highest  peak.  The  engineers  of  the  survey  obtain  their  levels 
for  these  contours,  or  '  lines  of  equal  altitude,'  by  means  of 
surveying,  and  do  not  require  the  imaginary  floods  which  we 
have  supposed.  Contour  lines  may  be  drawn  at  any  intervals, 
but  those  generally  chosen  are  intervals  of  50  or  100  feet  of 
additional  elevation  above  the  sea  level.  Lieut. -Colonel  T.  P. 
White,  R.E.,  the  executive  officer  of  the  survey,  states  in 
his  little  book  entitled  '  The  Ordnance  Survey  of  the  United 
Kingdom,' ' — 

'  These  contours  are  given  on  our  one-inch  map  to  the  highest  altitudes, 
and,  excepting  for  some  of  the  uncultivated  and  mountainous  tracts  of 
Scotland,  also  on  the  six-inch  maps,  up  to  1,000  feet,  but  not  (save  in  a 
very  few  special  cases)  on  any  of  the  other  scales.  The  procedure  of  the 
survey  has,  however,  varied  in  this  matter.  In  Lancashire  the  contours 
were  shown  on  the  six-inch  map  as  close  as  25  feet  (vertical)  apart,  both  in 
the  high  and  low  ground,  and  at  the  same  interval  in  Yorkshire,  up  to  the 
limit  of  1,200  feet :  above  that  limit  the  Yorkshire  contours  were  given  at 
every  50  feet  of  elevation.  The  contours  are  of  the  greatest  value  to  engi- 
neers and  others  for  laying  out  railways,  roads,  canals,  water-leads, 
drainage,  &c.,  and  for  constructing  ground-sections  to  illustrate  a  particular 
line  of  country.  "  They  also  form  an  admirable  basis  for  hill-sketching, 
and  for  correctly  expressing  to  the  eye  the  surface  of  a  country."  ' 

Where  the  ground  has  a  gentle  slope  the  contours  spread 
out,  and  where  it  is  steep  they  come  close  together.  The 
shortest  line  drawn  to  the  nearest  contour  line  will  give  the  line 
of  steepest  slope,  or  the  strea7?i-line,  as  it  is  called  ;  and  the 
gradient,  or  amount  of  rise  in  a  horizontal  foot,  is  inversely  as 
the  distance  in  that  direction  between  successive  contour  lines, 
Knowing  their  distance  apart  we  can  easily  tell  by  means  of 
these  contours  the  height  of  any  particular  part  above  or  below 
another,  and  can  also  picture  to  ourselves  the  slope  of  the 
ground.  Figures  are  often  attached  to  the  dotted  contour 
lines  on  the  maps  of  the  Ordnance  survey.  If  we  had  a  hill 
shaped  like  a  right  cone,  there  would  be  uniform  steepness 
throughout,  and  the  concentric  circles  representing  the  contour 
lines  would  be  at  equal  distances.  In  a  hemispherical  hill  the 
'  Blackwood  and  Sons,  1886. 
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lines  would  be  close  together  at  the  boundary  of  the  hill,  and 
would  spread  out  greatly  near  the  top.  The  reader  may  make 
the  water-level 

experiment  with   

a  good -sized  \ 
round  orange, 
half  of  which 
may  be  placed 
in  a  flat  -  bot- 
tomed dish,  and 
water  poured  in 
to  successive 
equal  vertical 
heights.  The 
annexed  figure 
shows  the  con- 
tour lines  round 
a  hill  at  suc- 
cessive intervals 
of  loofeet.  The 
hill,  however, 
can    only  be 

shown  in  section,  but  the  inequalities  of  slope  on  the  sides  not 
seen  may  be  judged  of  from  the  shape  of  the  different  contours. 

The  other  method  employed  to  represent  the  surface  of  the 
ground  is  by  what  are  termed  Jiachures.  Hachures  are  shading 
lines,  and  these  lines  are  made  thicker  and  closer  the  steeper 
the  ground  is.  This  shading  of  the  hill-features  on  the  one-inch 
maps  is  executed  on  the  principle — 

'  that  the  eye,  in  looking  at  the  map,  should  be  drawn  at  once  to  the 
highest  summits  by  the  emphasising  of  the  shading  there,  and  be  able  to 
distmguish  the  intermediate  heights  down  to  the  lowest  ground  by  the 
relative  strength  of  the  shade.  Another  mode  of  showing  tlie  relief  of  a 
district  is  by  giving  ideal  sulions  across  various  parts.  The  map  annexed 
shows  the  contour  lines  and  hachures  of  a  part  of  the  Thirlmere  Valley,  in 
Westmoreland,  and  two  sections  of  the  valley  are  added. 


Fig.  120. — Contour  Lines  round  a  Hill. 
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Map  IX. — Map  of  Thirlmere  Valley,  showing  Contours  and  Hachures. 
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CHAPTER  XIII. 
WEATHER  AND  CLIMATE. 

256.  Weather  and  Weather  Charts.— The  weather  at  any 
particular  place  may  be  described  as  the  combination  of  all  the 
atmospheric  phenomena  existing  at  one  time.  It  therefore 
includes  the  temperature,  barometric  pressure,  wind,  moisture, 
cloud,  and  electricity  of  the  atmosphere;  and  a  change  of 
weather  implies  a  change  in  one  or  more  of  these  elements. 
Various  kinds  of  weather  charts  are  now  published  in  the  news- 
papers, and  by  a  careful  study  of  these  it  is  often  possible  to 
make  a  forecast  of  the  weather  for  a  day  or  two  in  advance. 
Since,  as  we  have  seen,  changes  in  the  pressure  of  the  atmo- 
sphere are  indications  of  changes  in  the  wind,  and  since  the 
prevailing  winds  act  as  carriers  of  moisture  and  temperature, 
barometric  readings  are  of  the  greatest  importance.  The 
'  Times  '  daily  weather  chart  is  a  map  of  North-western  Europe 
on  which  are  marked  the  isobars  at  differences  of  of  an  inch. 
The  temperature,  the  direction  and  strength  of  the  wind,  the 
state  of  the  sky  as  to  cloud,  and  the  state  of  the  sea  are  also 
indicated.  The  reader  should  obtain  one  of  these  charts  and 
carefully  study  it. 

'  If  we  take  a  horizontal  line  between  two  isobars,  and  at  that  point  at 
which  the  pressure  is  greatest ;  draw  a  perpendicular  line  on  any  suitable 
scale,  which  shall  represent  the  difference  in  pressure  between  the  two 
places,  the  line  drawn  from  the  top  of  this  perpendicular  to  the  lower  isobar 
will  form  an  angle  with  the  horizontal,  and  the  steepness  of  this  angle  is 
the  measure  of  the  fall  in  pressure  between  the  two  stations,  and  is  called 
the  barometric gradiejtt.^ 

Gradients  are  expressed  in  hundredths  of  an  inch  of  mercury  for 
distances  of  one  degree,  or  sixty  nautical  miles,  and  the  closer  the  isobars 
are  together  the  steeper  is  the  gradient,  and,  as  a  rule,  the  stronger  the 
wind.  The  direction  of  the  wind,  as  before  pointed  out,  is  from  the  dis- 
trict of  high  pressure  to  that  of  lower  pressure.  To  this  general  statement 
Buys  Ballot  of  Utrecht  has  added  the  following  law  for  the  Northern 
Hemisphere  :  Stand  with  your  back  to  the  wind,  and  the  line  of  lower 
pressure  is  on  your  left  hand.  The  opposite  of  this  is  true  of  the  Southern 
Hemisphere.  The  meteorological  reports  of  other  papers  take  different 
forms,  all  of  which  are  instructive.  The  '  Graphic  '  supplies  every  week  a 
diagram  on  which  the  pressure  and  the  temperature  for  the  previous  week 
are  indicated  on  a  special  chart.  Here  is  an  example  of  its  weekly  weather 
chart,  and  the  pupil  may  probably  be  induced  to  construct  a  similar  one 
for  himself  from  day  to  day.  The  explanations  already  given  when  speak- 
ing of  the  atmosphere  will,  with  those  supplied  by  the  paper,  be  sufficient. 
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WEATHER  CHART 
For  the  Week  ending'  Wednesday,  September  7,  1887. 


Ther 


Fig.  izi. 

Explanation. —The  thick  line  shows  the  variations  in  the  height  of 
the  barometer  during  the  week  ending  Wednesday  midnight  (7th  inst).  The 
fine  hne  shows  the  shade  temperature  for  the  same  interval,  and  gives  the  max- 
imuni  and  minimum  readings  for  each  day,  with  the  (approximate)  time  at 
Office        °<=curred.    The  information  is  furnished  to  us  by  the  Meteorological 

Remarks.— The  weather  of  the  past  week  has  been  exceedingly  unsettled. 
Kam  has  fallen  every  day,  temperature  has  been  somewhat  low  for  the  time  of 
year,  and  high  wmds  have  prevailed  very  generally  over  the  southern  parts  of 
the  United  Kingdom.  At  the  beginning  of  the  period  the  centre  of  a  deep 
depression  passed  in  a  north-easterly  direction  over  our  islands,  causing  con- 
siderable falls  of  rain  in  all  districts,  and  severe  south-westerly  to  westerly 
gales  in  the  south  of  England.  It  will  be  seen  from  the  diagram  that  the 
^\yest  point  was  reached  by  the  barometer  in  I,ondon  at  about  8  a.m.  on 
^riday  (2nd  inst.),  after  which  the  mercury  rose  briskly.  In  the  rear  of  the 
depression  the  wind  moderated,  and  the  weather  improved  temporarily,  but  on 
Saturday  evening  (3rd  inst.)  another  shallow  disturbance  appeared  over  our 
western  coasts,  and  showers  were  again  experienced  generally,  with  strone 
south-westerly  winds  m  the  south.  On  Monday  (5th  inst.)  yet  another  system 
ot  considerable  depth  advanced  over  our  western  districts,  and  the  wind  rose 
to  the  force  of  a  moderate  gale  over  the  greater  part  of  Ireland  and  England. 
On  reaching  Scot  and  the  last-mentioned  disturbance  became  shallower  and 
on  luesday  night  (6th  inst.)  it  passed  eastwards  over  England  to  the  North  Sea. 

°/  barometer  took  place  generally,  and  at  the  close  of 
the  week  the  wind  had  veered  to  the  northward  in  all  districts,  with  a  con- 
siderable  fall  of  temperature. 

The  barometer  was  highest  (30-13  inches)  on  Wednesday  (7th  inst.)  ;  lowest 
(29  M  inches)  on  Friday  (2nd  inst.) ;  range  o-84-  inch. 

^.I  a  '^/"P^r^'"!:^  was  highest  (69°)  on  Tuesday  (6th  inst.);  lowest  (52°)  on 
baturday  (3rd  inst.);  range  17°.  '  \o  / 

Rain  fell  on  six  days  Total  amount  0-89  inch.  Greatest  fall  on  any  one  day 
o  3c  inch  on  Thursday  (ist  mst.).  ' 
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Instead  of  a  chart  the  '  Standard '  newspaper  publishes  a 
tabular  statement,  of  which  the  following  is  an  example.  It  is 
for  the  week  ending  October  31,  1887,  and  the  readings  are 
those  taken  in  London.  The  various  instruments  which  give 
these  results  have  been  explained  in  former  paragraphs. 

METEOROLOGICAL  READINGS 
{Taken  Daily  at  7.0  p.m.  by  Stewart's  Instruments). 

'The  Standard'  Office,  November  1. 


Date 


Oct.  25 
26 
27 
28 
29 
30 
31 


Barometer 
reduced  to 
Sea  Level 
and  32°  F. 


30-59 
30-37 
29-95 
29-75 
29-61 

29-59 
29-68 


Bulb 

Direc- 

tion of 

n 

Wind 

Q 

N 

42 

38 

SW 

44 

41 

sw 

46 

45 

w 

52 

48 

sw 

54 

49 

w 

45 

43 

w 

46 

43 

During  the  past  24  hours 


Max. 

Solar 
Radia. 
in  Vac. 

Max. 
Shade 
Temp. 

Min. 
Temp. 

Rainfall 

70 

45 

32 

76 

49 

29 

50 

32 

80 

59 

46 

85 

59 

45 

84 

55 

33 

0-55 

77 

51 

39 

0-12 

*»*  At  2  A.M.  the  barometer  remained  steady  at  29-68. 

257.  Climate.— Climate  may  be  defined  as  the  average 
phenomena  of  the  weather  which  prevail  for  a  considerable 
period  of  time  in  any  given  place;  or  in  other  words,  the 
general  state  of  the  atmosphere  in  regard  to  heat  and  moisture 
and  those  other  meteorological  conditions  that  exert  an  influence 
on  animal  and  vegetable  life.  The  four  chief  causes  that  de- 
termine the  climate  of  any  place  2ixe— distance  from  the  equator^ 
height  above  the  sea  level,  distance  front  the  sea,  and  prevailing 
winds.  On  all  these  elements  many  remarks  have  been  made 
already,  but  it  will  be  convenient  in  this  place  to  gather  to- 
gether some  of  the  chief  points  connected  with  each. 

258.  Distance  from  the  Equator.— K%  already  explained,  the  nearer  a 
place  is  to  the  equator,  the  more  vertical  do  the  sun's  rays  fall  upon  it,  and 
consequently  the  greater  is  the  amount  of  heat  it  receives  (see  par.  210). 
Hence  we  find  that  in  general  the  heat  is  greatest  in  the  equatorial  regions, 
and  that  there  is  a  progressive  gradual  diminution  with  increase  of  latitude 
to  the  extreme  Cold  of  the  poles.    If  the  earth's  surface  were  uniform,  and 
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if  there  were  no  motions  in  the  atmosphere,  these  gradations  would  run 
parallel  with  the  lines  of  latitude.  But  on  looking  at  the  maps  showing 
the  isotherms  for  January  and  July  it  will  at  once  be  seen  that  they  are  far 
from  being  parallel  to  the  lines  of  latitude.  Hence  other  causes  must  be  at 
work  modifying  this  great  general  cause.  The  movements  of  the  earth  as 
influencing  the  temperature  on  its  surface  will  be  treated  of  in  the  last 
chapter. 

259.  Height  above  the  Sea  Leve/.—The  law  of  decrease  of  heat  with 
ascent  above  the  level  of  the  sea  has  been  explained  in  a  previous  para- 
graph, and  accordingly  we  can  understand  the  remark  of  Sir  John  Herschel 
when  he  says, — 

'  Thus  it  happens  that,  in  ascending  a  mountain  from  the  sea  level  to 
the  limit  of  perpetual  snow,  we  pass  through  the  same  series  of  climates, 
so  far  as  temperature  is  concerned,  which  we  should  do  by  travelling  from 
the  same  station  to  the  polar  regions  of  the  globe  ;  and  in  a  country  where 
very  great  differences  of  level  exist  we  find  every  variety  of  climate, 
arranged  in  zones  according  to  the  altitude,  and  characterised  by  the  vege- 
table productions  appropriate  to  their  habitual  temperatures.' 

It  is  owing  to  this  cause  that  the  climate  of  hill  regions  in  tropical 
countries  is  milder  and  more  salubrious  than  that  of  the  plain.  Some  of 
the  European  residents  in  India  regularly  retire  in  the  hot  season  to  Simla, 
a  station  on  the  slopes  of  the  Himalayas,  7,000  feet  above  the  sea  level. 
Table-lands  everywhere  illustrate  the  influence  of  elevation  in  the  diminu- 
tion of  temperature  below  the  average  proper  to  the  latitude,  and  at  the 
same  time  the  liability  to  seasonable  extremes.  The  climate  of  Central 
Spain,  a  region  which  exhibits  naked  and  treeless  plains,  lying  at  an  eleva- 
tion of  2,000  feet  and  upwards  above  the  sea,  is  very  hot  in  summer  and 
correspondingly  cold  in  winter.  Madrid  is  situated  on  this  inland  table- 
land, and  has  a  difference  of  33°  between  the  mean  summer  and  winter 
temperatures ;  while  Lisbon,  in  nearly  the  same  latitude,  only  shows  a 
difference  of  18°.  The  table-lands  of  Persia  and  Afghanistan  show  a 
similar  wide  range  of  temperature,  with  an  average  temperature  less  by 
many  degrees  than  the  lowlands  at  the  same  latitude.  Quito  is  situated  on 
a  plain  under  the  equator  at  an  altitude  of  9,000  feet  above  the  sea.  It 
enjoys  nearly  the  same  average  temperature  as  the  temperate  zones.  But 
even  where  the  average  temperatures  of  a  plateau  and  a  lowland  in  the 
same  latitude  are  about  the  same,  a  great  difference  exists  between  the 
summer  and  the  winter  temperatures  when  the  plateau  is  at  a  distance 
from  the  sea. 

260.  hifluence  of  the  Sea  on  Climate. — The  ocean  acts  as  a  great 
moderator  of  temperature.  As  the  rays  of  the  sun  penetrate  the  water  to 
a  much  greater  depth  (500  feet)  than  they  do  the  land,  and  as  much  of  the 
sun's  heat  is  used  up  in  evaporation,  water  is  much  more  slowly  heated 
than  land.  Besides,  it  requires  four  times  as  much  heat  to  raise  the  tem- 
perature of  the  water  one  degree  as  it  requires  to  raise  the  surface  of  the 
ground  the  same  amount  (see  par.  63) ;  and  since  substances  that  absorb 
heat  slowly  also  radiate  slowly,  the  sea  is  much  more  slowly  cooled  by 
radiation  than  the  land.  In  winter  the  sea  slowly  gives  up  the  warmth 
stored  up  -throughout  the  summer,  while  in  summer  the  cool  breezes 
blowing  from  it  temper  the  heat  on  the  land.  Hence  the  temperature  of 
the  sea  is  much  more  equable  than  that  of  the  land.  These  different  heat 
properties  of  land  and  water  give  rise  to  three  classes  of  cX\xa2XQ—Ocea7iic, 
Insular^  and  Contittental.    Oceanic  climates  are  those  which  are  regulated 
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entirely  by  the  sea  at  the  given  place.  They  are  only  to  be  found  on 
board  ships  or  on  small  islands.  They  show  for  the  .same  latitudes  the 
least  differences  between  the  mean  temperatures  of  the  different  hours  of  the 
day  and  the  different  months  of  the  year.  Some  of  the  island  groups  in 
the  Pacific,  even  within  the  torrid  zone,  enjoy  a  most  equable  climate,  the 
thermometer  not  varying  more  than  five  or  six  degrees  during  the  twelve 
months.  This  is  due  to  ever-blowing  breezes  from  the  sea,  the  surface  tempe- 
rature of  which  in  the  tropics  shows  but  little  variation  throughout  the  year. 

Insular  climates  are  those  in  which  the  annual  range  of  temperature  is 
small  because  the  presence  of  the  ocean  diminishes  the  heat  of  the  summer 
and  the  cold  of  winter. 

Continental  climates  are  those  in  which  there  is  a  great  range  of  tempe- 
rature from  summer  to  winter,  and  the  maps  of  the  isotherms  show  the 
suitability  of  the  term.  Great  Britain  and  New  Zealand  are  examples  of 
insular  climates,  the  summers  not  having  the  intense  heat,  nor  the  winters 
the  great  cold,  that  inland  districts  in  the  same  latitude  have.  As  an 
example  of  a  continental  climate  we  may  cite  that  of  Central  Russia. 
Edinburgh  and  Moscow  are  in  nearly  the  same  latitude.  The  mean  summer 
and  winter  temperatures  of  Edinburgh  are  57°  F.  and  38°  F.  respectively  ; 
of  Moscow,  the  temperatures  are  at  the  same  seasons  64°  and  15°.  Thus 
there  is  a  difference  of  range  of  only  19°  at  Edinburgh  and  49*^  at  Moscow. 
The  freedom  from  the  great  extremes  of  Moscow  gives  to  Edinburgh  a  great 
advantage.  This  influence  of  the  sea  and  other  large  bodies  of  water  has 
been  put  into  the  following  statement  by  Dr.  Haughton  :  — '  Large  masses 
of  land,  anywhere,  increase  the  range  of  annual  temperature ;  and  large 
masses  of  water,  anywhere,  diminish  the  range  of  annual  temperature.' 
The  inspection  of  the  maps  on  which  the  January  and  July  isotherms  are 
laid  down  for  every  ten  degrees  furnishes  instructive  proof  of  this  statement, 
as  well  as  of  other  causes  that  operate  in  the  distribution  of  temperature. 
Compare,  for  example,  the  position  of  the  isothermal  line  of  60^  in  the 
Atlantic  Ocean,  and  in  the  Old  World,  during  these  two  months  ;  or  com- 
pare the  temperature  of  a  point  in  mid  Atlantic  and  in  Central  Asia  at 
these  periods.  Near  Yakutsk,  in  Siberia,  there  is  a  small  district  with  the 
enormous  range  of  100°  F.  At  Yakutsk  itself  there  is  a  temperature  of 
65  -8°  in  its  warmest  month  ;  while  in  the  coldest  the  temperature  is  —44-9°, 
or  76-9°  below  freezing-point.  But  the  influence  of  the  sea  is  also  exerted 
by-means  of  currents.  The  cold  Arctic  current  that  flows  from  the  north 
past  the  coast  of  Labrador  accounts  not  only  for  the  fogs  so  prevalent,  but 
also  for  the  great  coldness  of  the  country  when  compared  with  the  countries 
on  the  opposite  coast  of  the  Atlantic,  that  are  washed  by  the  warm  waters 
drifted  from  the  Gulf  Stream.  The  influence  of  this  stream  renders  the 
western  coasts  of  Great  Britain  far  more  temperate  than  they  would  other- 
wise be,  raising  the  winter  temperature  several  degrees.  Its  influence  is 
exerted  not  only  by  the  waters  that  strike  the  shore,  but  more  effectively 
by  the  winds  that  blow  from  its  surface.  On  the  Faroe  Islands,  several 
hundred  miles  north  of  Scotland,  it  has  even  a  more  striking  effect.  High 
as  is  their  latitude,  snow  hardly  ever  remains,  even  on  the  highest  hills,  for 
more  than  a  few  days. 

261.  Influence  of  Prevailing  Winds.— 'Winds  are  one  of  the  most  m- 
fluential  of  the  causes  affecting  climate.  Being  warm  or  cold,  wet  or  dry, 
according  to  the  district  in  which  they  have  their  origin,  and  according  to 
the  nature  of  the  surface,  sea  or  land,  over  which  they  have  traversed,  it  is 
plain  that  the  prevailing  winds  determine  to  a  large  extent  both  tempera 
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ture  and  rainfall  (see  par.  223).  The  south-westerly  winds  that  come 
across  the  wide  Atlantic  and  strike  the  shores  of  Britain  and  North-western 
Europe  bring  warmth  and  moisture  with  them.  The  vapours  condensed 
on  the  mountains  which  run  along  the  western  sides  of  the  British  Islands 
and  the  Scandinavian  peninsula  fall  to  the  earth  in  heavy  showers  of  rain. 
During  this  condensation  a  large  quantity  of  latent  heat  is  set  free  to  raise 
the  temperature  of  the  air.  The  importance  of  rainfall  in  conveying  heat 
will  be  seen  from  the  fact  that  one  gallon  of  rainfall  gives  out  latent  heat 
sufficient  to  melt  seventy-five  pounds  of  ice.  Dr.  Haughton  calculates  that 
the  amount  of  rainfall  on  the  west  coast  of  Ireland,  forty-five  inches  per 
annum,  contributes  nearly  half  as  much  heat  to  that  district  as  that  furnished 
by  the  direct  influence  of  the  sun.  As  an  example  of  the  lowering  effect 
on  temperature  by  a  cold  wind,  attention  may  be  called  to  the  southern 
States  of  North  America,  where  during  a  part  of  the  winter  northerly  blasts 
from  the  higher  latitudes  of  that  continent  often  produce  winters  of  excessive 
severity.  Generally  speaking,  where  the  prevailing  winds  are  westerly, 
as  in  the  Northern  Hemisphere,  and  where  currents  of  warm  water  are 
flowing  in  the  same  direction  from  the  equator,  the  cold  of  winter  is  greatly 
mitigated,  as  is  shown  by  the  isotherms  bending  towards  the  pole.  On 
the  east  coasts  of  Asia  and  America,  however,  the  prevailing  winds  are 
northerly  and  cold,  so  that  there  is  a  great  difference  between  the  summer 
and  winter  temperature.  Thus  it  happens  that  the  west  coasts  of  the  great 
continents  enjoy  an  insular  climate,  while  the  east  coasts  and  the  inland 
districts  endure  the  more  trying  continental  climate. 

262.  Minor  Causes  affecting  Climate. — Among  the  lesser  influences  that 
affect  climate  may  be  mentioned  the  dii-ection  of  the  mountain  chai7is,  the 
slope  of  the  ground,  the  native  of  the  soil,  and  the  degree  of  cultivation  in  a 
country. 

(1)  When  a  mountain  chain  runs  at  right  angles  to  the  prevailing  winds 
it  is  plain  that  the  opposite  sides  of  the  chain  will  be  differently  affected. 
By  intercepting  moist  winds,  the  mountains  or  the  edge  of  a  high  plateau 
will  favour  the  production  of  rain  on  the  windward  slope,  and  dryness  on 
the  leeward  slope.  Examples  of  this  influence  have  been  mentioned  in 
speaking  of  rainfall.  Our  own  west  and  east  coasts  is  a  familiar  example. 
Mountains  also  afford  shelter  from  winds.  Thus  the  Alps  protect  the  plains 
of  North  Italy  from  the  cold  northerly  winds  that  sometimes  blow  in 
Germany  and  Switzerland.  On  the  other  hand,  the  central  and  southern 
parts  of  Russia,  having  no  protecting  range  in  the  north,  are  much  colder 
than  their  latitude  would  lead  us  to  expect. 

(2)  The  effect  of  the  general  slope  of  the  land  may  be  noticed  in  a 
small  scale  in  the  case  of  gardens.  Those  with  a  southerly  or  western 
inclination  receive  the  sun's  rays  more  perpendicularly,  and  being  thus 
more  heated,  produce  fruit  and  vegetables  in  more  profusion  than  those 
with  a  northerly  or  easterly  inclination.  When  the  sun  is  elevated 
45°  above  the  horizon,  his  rays  will  fall  at  right  angles  on  a  hill  facing  the 
south  at  an  equal  angle  ;  while  if  the  north  side  has  a  similar  slope  the 
rays  will  run  parallel  to  the  surface,  and  their  effect  will  be  very  small. 
Since  the  warmest  part  of  the  day  is  not  at  noon,  when  the  sun  is  highest, 
but,  owing  to  the  accumulation  of  the  heat,  at  about  three  o'clock,  it 
follows  that  in  our  hemisphere  a  south-south-west  or  south-western  aspect 
is  most  favourably  situated.  The  effect  of  aspect  or  slope  is  most  strikingly 
seen  in  mountain  countries  where  the  ranges  run  in  a  general  easterly  and 
westerly  direction. 
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'  The  Alps  encounter  on  parts  of  their  southern  slope  as  direct  a  heat  as 
that  which  burns  up  the  Desert  of  Sahara  ;  and  on  their  northern  they  are 
as  much  hidden  from  the  sun's  influence  as  are  the  level  snows  of  Lapland. 
In  the  Alps  of  the  Valais,  on  the  one  side  you  may  see  the  vine  in  luxuriant 
growth  when  the  other  is  thick-ribbed  with  ice.  Thus,  too,  the  terraces 
and  sloping  plains  which  descend  from  the  vast  table-land  of  Central  Asia, 
where,  inclining  from  its  northern  limit,  they  pass  into  the  steppes  of 
Siberia,  present,  under  the  latitude  of  Edinburgh,  a  cold  intense  enough  to 
freeze  mercury  ;  whilst  upon  the  southern  terraces  of  the  opposite  Himalaya 
slope  flourish,  at  different  elevations,  the  pineapple,  the  mango,  the  gigantic 
cotton-tree,  and  the  saul.  This  tropical  vegetation  ascends  then  to  an  alti- 
tude of  4,000  or  S,ooo  feet,  mingling  itself,  and  by  degrees  giving  way  to  the 
plants  of  a  temperate  region — elms,  willows,  roses,  and  violets  ;  destined 
in  their  turn,  at  a  yet  higher  region,  to  yield  to  Alpine  forms  of  vegetable 
life. ' — Professor  Moseley. 

(3)  The  nature  of  the  soil  affects  climate  through  the  different  heat- 
absorbing  and  heat-radiating  powers  of  various  rocks.  A  sandy  waste  such 
as  the  Sahara  Desert  suffers  from  great  extremes  of  temperature.  In  the 
day  the  sand  absorbs  great  quantities  of  heat  and  becomes  extremely  hot, 
but  after  sunset  it  cools  rapidly  by  radiation  of  its  heat  into  the  dry  atmo- 
sphere, so  that  the  nights  become  very  cold.  Wet,  marshy  grounds  lower 
the  mean  temperature,  the  water  absorbing  the  heat  and  conveying  it  down- 
wards into  the  ground. 

(4)  Degrees  of  Cultivation. — Cultivation  tends  to  make  a  climate  drier, 
warmer,  and  more  salubrious.  In  uncultivated  districts  the  rivers  extend- 
ing themselves  over  the  low  grounds  form  pestilential  marshes.  The  drain- 
ing of  these  marshes  and  the  cutting  down  of  the  forests  gives  the  sun 
free  access  to  the  soil,  and  allows  a  freer  circulation  of  the  air.  Many  parts 
of  Europe  now  enjoy  a  milder  climate  than  formerly,  when  they  were 
covered  with  dense  forests  and  full  of  swamps.  There  may,  however,  be 
too  great  a  destruction  of  trees,  and  the  quantity  of  moisture  in  the  air 
reduced  too  much  (see  par.  225). 

CHAPTER  XIV. 

GENERAL  IDEAS  OF  THE  CHANGES  WHICH  THE 
EARTH'S  SURFACE  HAS  UNDERGONE. 

263.  Primitive  Condition  of  the  Earth.— Into  the  question 
of  the  origin  of  the  earth  as  a  separate  and  independent  body 
we  do  not  propose  to  enter  further  than  to  state  that  it  is 
beUeved  by  many  thinkers  to  be  one  of  a  number  of  masses  of 
matter  detached  from  the  sun,  and  to  have  passed  from  the 
condition  of  a  gigantic  gaseous  ball,  slowly  cooled  by  con- 
tact with  celestial  space,  to  that  of  a  highly  heated  fluid  mass. 
That  it  was  once  in  a  viscous  or  semi-solid  condition  is  proved 
by  its  present  shape.  It  is  not  a  perfect  sphere,  but  what  is 
called  an  oblate  spheroid,  There  is  a  bulging  about  the  equator, 
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and  a  flattening  at  the  poles,  so  that  the  equatorial  diameter  is 
26  miles  more  than  the  polar  diameter.  Now  it  can  be  proved 
by  mathematics  that  a  plastic  body  revolving  on  its  axis  must 
assume  this  shape.  We  can  also  illustrate  this  effect  of  rotation 
in  the  following  ways.  If  a  quantity  of  oil  be  placed  in  a  trans- 
parent liquid  it  is  seen  floating  in  the  midst  of  the  fluid  as  a 
perfect  sphere,  just  as  the  earth  floats  in  space  ;  but  as  soon  as 
the  oil  is  made  to  rotate  by  means  of  a  wire  passed  through 
it  the  spherical  form  gives  place  to  a  spheroidal  or  elliptical 
one.  Another  experiment  to  illustrate  this  effect  of  rotation  is 
the  following.  An  iron  rod  is  fixed  upon  a  turning  table,  and 
at  the  bottom  of  the  rod  are  fastened  four  elastic  strips  of  metal, 
which  are  joined  at  the  top  to  a  ring  capable  of  sliding  up  and 
down  the  rod.  When  the  apparatus  is  made  to  rotate  rapidly 
the  upper  ring  slides  down  the  rod,  and  the  more  rapid  the 
rotation  the  further  does  the  ring  slide  down.    At  a  great 

speed  the  impressions  of  the  se]Darate 
strips  run  together  so  as  to  give  to  the 
eye  the  appearance  of  an  oblate  spher- 
oid, as  shown  in  the  figure.  We  are 
thus  driven  to  the  conclusion  that  the 
earth  was  once  in  a  highly  heated  fluid 
condition,  and  that  though  a  cooling 
body,  it  has  not  yet  become  cold  (see 
par.  155  on  the  Internal  Heat  of  the 
Earth).  When  in  this  highly  heated 
state  the  atmosphere  or  gaseous  en- 
velope would  contain  many  volatile 
Fig.  i22.-Expianationofthe    substanccs  now  found  in  a  liquid  or 

Spheroidal  Form  of  the  Earth.      ^^jj^  ^^^^^^  ^j^^  ^^^^^  ^^^^j^ 

exist  in  this  atmosphere.  As  the  temperature  was  sufficiently 
reduced  various  chemical  com.binations  of  the  gases  sur- 
rounding the  earth  would  take  place,  and  the  earliest  oceanic 
areas  would  become  occupied  by  the  condensed  steam  and 
alkaline  vapours  that  were  previously  above  the  surface 
One  of  the  substances  thus  produced  and  carried  into  solution 
by  the  condensed  aqueous  vapour  was  probably  sodium  chloride 
SO  that  the  saltness  of  the  sea  to  some  extent  was  produced  at 
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this  far  distant  period.  Little  sodium  chloride  is  now  brought 
by  the  rivers,  as  there  is  little  left  in  the  rocks,  and  the  calcium 
carbonate  and  silica  which  they  carry  down  in  solution  is  pre- 
vented from  increasing  by  the  various  animals  that  secrete  it  for 
their  shells,  &c.  The  outer  crust  that  formed  would  consist  of 
such  crystalline  rocks  as  granite,  and  would  often  be  subject  to 
violent  disturbances,  due  partlyto  the  expansive  force  of  the  great 
internal  heat,  partly  to  the  steam  generated  when  water  passed 
into  the  fissures,  and  partly  to  the  continued  contraction  and 
shrinking  of  the  crust.  Possibly  about  this  period  the  nucleus  of 
some  of  the  great  mountain  chains  may  have  been  upheaved,  and 
the  greater  oceanic  beds  formed,  though,  as  the  process  of  con- 
traction has  proceeded  down  to  the  present  day,  it  is  impossible  to 
fix  a  time  in  all  cases.  But  that  this  contracting  force  has  up- 
lifted, fractured,  and  contorted  rocks  during  nearly  all  ages  there 
can  be  little  doubt. 

'  Of  the  original  crust  of  our  globe,'  says  Professor  Hull,  '  we  have  probably 
no  example  on  any  part  of  its  present  surface.  It  has  been  either  worn 
down,  and  supplied  materials  for  newer  formations,  or  it  may  have  been 
in  other  places  remelted  by  high  internal  heat  when  buried  beneath  ac- 
cumulations of  sediment,  and  converted  into  more  modern  granites  or  other 
igneous  rocks.  The  oldest  known  formations  are  marine  sediments,  which 
subsequently  to  their  deposition  have  been  completely  altered  in  their 
character  and  composition,  and  belong  to  the  class  of  rocks  known  as 
metamorphic.  It  is  not  impossible  that  the  original  sediment  of  which 
these  oldest  known  strata  were  formed  may  have  been  derived  from  the 
waste  of  the  original  crust,  but  more  than  this  cannot  be  stated  with 
certainty.' 

264.  History  of  Stratified  Rocks.— With  the  condensation  of  water  on 
the  surface  of  the  earth  there  would  begin  that  process  of  denudation 
described  m  Chapter  XII. ,  and  from  the  detritus  of  the  rocks  forming  the  first 
crust  of  the  earth,  stratified  deposits  would  begin  to  be  laid  down.  The 
greatest  part  of  the  superficial  region  of  the  earth  is  composed  of  such' forma- 
tions, and  they  are  called  stratified  on  account  of  their  arrangement,  sedimen- 
tary on  account  of  their  origin.  They  represent  the  deposits  of  the  sea  from 
the  remotest  periods,  and  are  chiefly  made  up  of  the  consolidated  pebbles 
sand,  and  mud  of  old  sea  bottoms.  They  were  accumulated  much  in  the  same 
way  as  they  are  now  being  formed— the  pebble  beds  near  the  shore  the 
sandstones  a  little  distance  out,  and  the  clay  and  shale  at  a  still  greater 
distance.  _  In  the  depths  of  the  ocean  after  a  long  period  were  formed  from 
the  remains  of  animals  those  calcareous  beds  known  as  chalk  and  lime- 
^"  deposits  were  successively  piled  one  above  another,  so 

that  the  oldest  are  situated  at  the  greatest  depth,  unless  some  later  move- 
ment has  come  to  modify  the  normal  arrangement.  Great  movements 
have  occurred  dunng  the  vast  ages  when  the  stratified  rocks  were  beine 
-ormed  from  the  continual  waste  of  land  by  rain,  rivers,  glaciers,  and  the 
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sea ;  and  there  is  evidence  to  show  that  nearly  all  parts  of  what  is  now 
land  have  been  again  and  again  submerged  beneath  the  ocean,  and  thkt 
the  various  sea  deposits  have  again  and  again  been  raised  high  into  the 
air.  Even  yet  the  movements  of  the  earth's  surface  have  not  ceased  as  is 
shown  by  the  rising  and  sinking  of  different  areas,  and  by  the  various' forms 
of  volcanic  activity.  But  in  earlier  periods  of  the  world's  history  these 
internal  movements  were  more  active.  Igneous  rocks  have  been  pushed 
up  in  dykes,  veins,  and  bosses  amidst  the  stratified  rocks  in  many  districts, 
or  they  have  been  poured  out  in  lava-flows,  or  ejected  as  ashes  from  vol- 
canoes. Thus  the  original  horizontal  stratification  has  been  frequently 
disturbed,  and  the  strata  are  in  many  cases  bent,  crumpled,  folded,  and 
fractured  in  extraordinary  ways.  The  relative  ages  of  the  various  stratified 
rocks  have  been  determined  in  several  ways.  When  one  stratum  rests 
upon  another  we  infer  that  the  lower  bed  was  formed  before  the  deposition 
of  the  upper  bed  began.  Thus,  by  observing  how  strata  rest  upon  one 
another  in  cliffs,  ravines,  cuttings,  mines,  &c.,  an  order  of  succession  of  the 
stratified  rocks  begins  to  be  made  out.  Their  mineral  composition  also 
assists  in  determining  their  age.  But  the  greatest  help  in  constructing  a 
table  to  show  the  order  of  succession  is  derived  from  fossils,  as  the  remains 
of  animals  and  plants  buried  in  the  rocks  are  called.  The  special  fossils 
that  characterise  the  different  strata  have  been  ascertained,  and  it  has  been 
discovered  that  each  age  of  the  world  had  its  own  peculiar  groups  of  animals 
and  plants— its  fauna  and  flora.  From  such  considerations  geologists  have 
divided  the  various  strata  of  the  world  into  three  great  groups,  the  oldest 
being  called  the  Primary,  the  next  the  Secondary,  and  the  last  group  the 
Tertiary.  Corresponding  to  these  great  groups  of  stratified  rocks  are  three 
great  epochs  or  periods  of  time— Paleozoic (Gr.  palaios,  ancient ;  zoe,  life), 
Mesozoic  (Gr.  mesos^  middle  ;  zoe,  life),  and  Cainozoic  (Gr.  kainos,  recent ; 
zoe,  life).  Each  of  these  great  groups  of  strata  is  divided  into  smaller 
groups  called  formations,  a  formation  being  a  group  of  stratified  rocks 
which  have  certain  characters  of  age  and  composition  in  common.  The 
formations  included  in  these  three  great  divisions  are  shown  in  the  following 
table : — 

Periods  Formations 


Tertiary  or  Cainozoic 


Secondary  or  Mesozoic 


'  Pliocene 
Miocene 
Oligocene 
^  Eocene 
Cretaceous 


Jurassic  or  Oolitic 
^  Triassic 
'  Permian 

Carboniferous,  or  Coal  Measures 

•  r)  1       •      Devonian  and  Old  Red  Sandstone 

Primary  or  Palaeozoic  ^  gilurian 

Cambrian 
I  Archaean  or  Lauren  tian 

A  fourth  period  is  frequently  added  above  these,  and  called  Post-Ter- 
tiary, Recent,  or  Quaternary.  It  consists  of  alluvial  and  glacial  deposits 
with  peat  and  crag,  the  earlier  portion  of  the  period  being  called  Pleistocene. 
At  the  base  of  these  formations  the  Azoic  or  lifeless  period  is  sometimes 
shown.  The  rocks  in  this  division,  of  sedimentary  origin  at  first,  have  been 
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SECTION  OF  THE  EARTH'S  CRUST, 
Showing  the  Geological  Formations. 

'GROUPS 


FORMATIONS 


Modern  Deposits. 
Allitvium  of  Rivers,  Lakes,  and  Seas.   days.  Sands,  Gravels. 


Peat-mosses. 


azoic  or 
hypozoic 


IGNEOUS  OR  I 
UNSTRATIFIED! 
ROCKS  I 


Newer  Pliocene,  or  Pleistocene. 
DH/t  Boulder,  Glacial  Beds,  Shell  Marl,  Src. 


Pliocene. 
Red  Crag,  Coralline  Crag,  &-c. 


Miocene. 
Bwey  Tracey  Beds. 


Eocene. 

Fresh-waler  Beds,  Bagshot  Sand,  London  Clay,  G-c. 


Chalk  and  Chalk  Marl. 
upper  Gree7isand  and  Gaitll. 
"Cretaceous.- 


Upper 


Loiuer  Greensand. 
Kentish  Jtasr. 


Lower 


Wealden. 
Pf^eald  Clay,  Hastings  Sand. 


Upper  Oolitic. 
Purteck  Beds,  Portland  Stone,  Kimmeridge  Clay. 


Middle  Oolitic. 
Coral  Rag,  Oxford  Clay. 


Lower  Oolitic. 
Combrash  and  Forest  Marble,  Bradford  Clay. 
Great  Oolite. 
Fitller's-earth. 
 Inferior  Oolite. 


Lias. 

UtjierLias  Shale.  Marlstone.  Lower  Lias  Clay,  and  Lime. 


Trias  or  Upper  New  Red  Sandstone. 
^'n-^-e-rqi.d  Maris -luith  Salt  and  Gypsum.  Variegated  Sandstones,  ti-c. 


Permian. 

Magnesian  Limestone,  Lower  New  Red  Sandstone . 
Upper  Coal  Measures. 
Millstone  Grit,  Carboniferous  Limestone. 
 Lower  Coal  Measures. 


[  POST- 

I  Tertiary 

I  Upper 
I  Tertiary 
1  Middle 
f  Tertiary 

I  Lower 
I  Tertiary 


-  Cretaceous 


i^oolitic  or 
Jurassic 


Devonian  or  Old  Red  Sandstone. 


Upper  Silurian. 
Wenlock  Limestone,  Ludlow  Rocks,  Tilestones. 


Lower  Silurian. 
Bala  Beds,  Caradoc  Sandstone,  Llandeilo  and  Lingula  Flags 
 Tretnadoc  and  Festiniog  Slates.  ' 


Cambrian. 

Longmynd  or  Bangor  Slates,  Llanberis  Slates,  Harlech  Grits. 
.     .  ,  Laurentian. 

ConstsHng  of  highly  crystalline  Gneissoid  and  Hornbletidic  Schists. 
Metamorphic  Rocks. 


 C't'iss,  Quartsite,  Mica  Schist,  Clay  Slate,  &-c. 


Volcanic  :  Lava  Pumice,  Tufa,  Basalt,  and  other  Erupted  Rocks 
Plutonic:  Granite,  Syenite,  &c. 


Triassic 
Permian 

[  Carboni- 
ferous 

Devonian 
■  Silurian 


Cambrian 

Archaean 

Metamorphic  of 
different  ages 
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so  changed  or  metamorphosed  by  heat,  water,  and  pressure,  that  they  con- 
tain no  traces  of  any  living  beings.  The  mineral  structure  of  these  meta,- 
morphic  rocks  has  been  described  in  par.  144.  They  are  of  all  ages,  the 
change  being  produced  wherever  contact  with  the  intrusive  and  erupted 
igneous  rocks  has  occurred.  The  formations  are  divided  into  still  smaller 
groups,  according  to  their  mineral  composition  and  other  peculiarities. 
The  table  on  page  193,  which  exhibits  an  ideal  section  of  the  earth's  crust, 
will  assist  in  giving  the  pupil  some  idea  of  the  groups  included  in  the 
different  formations,  and  of  the  nature  of  the  rocks  comprising  these  groups. 
The  palaeozoic  or  primaiy  rocks  generally  possess  a  more  slaty  and  crystal- 
line structure  than  those  of  later  groups.  Their  total  thickness  has  been 
estimated  at  78,000  feet,  while  the  thickness  of  the  other  strata  in  England 
and  Wales  is  reckoned  at  about  15,000  feet. 

There  is  thus  a  definite  and  unfailing  order  of  succession  in  the  various 
stratified  deposits  that  form  the  chief  part  of  the  known  earth's  crust. 

'To  sand  and  gravel  succeed,  proceeding  downwards,  various  clays; 
below  clay  comes  chalk  ;  below  that  again  various  limestones,  known  (from 
the  nature  of  their  component  particles)  by  the  term  oolite ;  lower  down 
certain  sandstones ;  below  them  carboniferous  limestones ;  lower  still  old 
red  sandstone,  or  "  Devonian"  rocks  ;  and  yet  lower  in  position  the  slaty 
and  other  rocks  designated  as  Silurian.  The  succession  is,  indeed,  often 
interrupted,  some  of  the  intermediate  series  being  absent  ;  that  is,  sand- 
stone of  the  upper  series  may  immediately  succeed  clay,  the  intermediate 
chalk  and  other  strata  being  absent,  and  so  forth  ;  but  the  order  in  which 
various  members  of  the  series  are  found,  relatively  to  one  another,  under- 
goes no  variation.  The  chalk,  wherever  it  occurs,  is  inferior  in  position  to 
the  clays  and  gravels,  the  oolitic  limestone  to  the  chalk,  and  so  on. ' 

A  practical  use  may  be  made  of  this  knowledge  of  the  order  of  succes- 
sion.   If,  for  example,  the  formation  at  the  surface  be  older  than  the 

carboniferous,  we 
know  that  coal 
cannot  be  found 
beneath.  But  if 
the  rocks  at  the 
surface  be  newer, 
we  do  not  infer 
from  that  alone 
that  coal  will  be 
found,  for  the 
carboniferous  or 
coal  measures  for- 
mation may  be  wanting  in  that  district.  But  it  must  not  be  supposed  that 
these  rocks  are  everywhere  horizontally  arranged,  for  the  upheaving  forces 
that  operate  from  below  having  frequently  tilted  them  at  various  angles,  the 
denuding  forces  may  have  been  removing  beds  in  one  part,  while  deposition 
has  been  going  on  in  another.  Thus  it  happens  that  the  edges  of  successive 
strata  often  appear  at  various  angles  at  or  near  the  surface,  so  that  on  a 
hill-side,  in  a  deep  valley,  or  even  on  an  open  plain,  we  may  see  various  kinds 
of  rock  cropping  out.  The  diagram  above  will  assist  the  pupil  in  under- 
standing this,  though  it  must  not  be  supposed  that  the  parallel  arrangement 
of  strata  here  shown,  nor  the  comparative  equality  in  point  of  thickness,  is 
often  met  with  in  nature.  If  the  pupil  will  look  at  the  geological  map  of 
England  (or  any  other  country).,  on  which  the  various  formations  that  come 
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to  the  surface  are  indicated  by  different  colours,  he  will  understand  the  general 
arrangement  of  the  strata  still  better.  Bearing  in  mind  that  the  boulder  clay 
and  drift  occurring  here  and  there  in  patches,  and  left  when  the  country  was 
covered  with  an  ice-cap,  are  not  represented  on  such  a  map  by  colours,  but 
that  the  various  colours  are  only  intended  to  show  the  class  of  rock  that 
underlies  the  superficial  accumulations  of  soil  and  gravel,  a  journey  from 
east  to  west  across  the  central  part  of  the  country  would  show  that  successive 
strata  come  to  the  surface  in  a  very  striking  order. 

'  Broadly  speaking,  the  northern  and  western  parts  of  England  and  the 
greater  part  of  Wales  are  formed  of  the  older  rocks,  known  as  Primary  or 
Palaeozoic.  These  were  considerably  folded  and  disturbed  before  the  newer 
rocks  were  laid  down.  Resting  on  their  upturned  edges,  or  abutting  against 
them,  lie  the  Secondary  strata,  which  form  a  group  dipping  generally  in  a 
south-easterly  direction,  so  that  in  passing  from  north-west  to  south-east 
we  come  successively  on  higher  and  higher  beds,  from  the  Lias,  which 
stretches  from  Lyme  Regis  in  Dorsetshire  to  Whitby  in  Yorkshire,  to  the 
Chalk,  which  runs  from  Dorsetshire  and  Hampshire  to  Flamborough  Head. 
The  older  Tertiary  beds  repose  on  the  chalk  in  the  irregular  areas  known 
as  the  London  and  Hampshire  basins  ;  and  they  were  together  much 
disturbed  and  denuded  before  the  newer  Tertiary  or  Pliocene  strata  were 
laid  down  on  the  western  borders  of  the  German  Ocean.  The  Quaternary 
deposits  form  a  distinct  group,  scattered  irregularly  over  the  country  and 
resting  indifferently  on  any  of  the  rocks,  from  the  oldest  upwards.'  ' 

The  igneous  rocks  that  reach  the  surface  in  England  are  chiefly  found 
in  Devonshire  and  Cornwall,  and  amid  the  Cumbrian  mountains. 

265.  Fossils  (Lat.  fossilis,  dug  out)  are  remains,  or  traces  of  remains, 
of  plants  and  animals  which  we  find  buried  in  the  crust  of  the  earth.  They 
only  occur  in  the  stratified  rocks,  where  they  were  deposited  at  the  time 
the  rocks  were  forming,  just  as  we  might  now  find  in  the  beds  of  lakes  and 
seas  the  buried  bodies  of  the  animals  now  existing.  From  the  more  perish- 
able nature  of  plants  it  is  evident  that  their  remains 
would  not  be  so  well  preserved  as  those  of  animals. 
These  remains  consist  sometimes  of  the  shells,  bones, 
teeth,  or  other  hard  parts  of  the  original  substance  of 
the  animals  or  plants  ;  but  more  frequently,  especially 
in  the  older  strata,  the  original  matter  has  been  re- 
placed particle  by  particle  by  mineral  matter  of  a  dif- 
ferent composition,  so  that  an  exact  model  of  the  form  is 
left  in  a  different  material.  In  other  instances  a  cast  or 
mould  only  of  the  object  is  preserved.  Thus  not  only 
are  shells,  bones,  trunks  of  trees,  &c. ,  whether  mine- 
ralised or  not,  called  fossils,  but  impressions  and  foot- 
prints are  included  in  the  word.  These  fossil  forms 
were  known  for  a  long  time,  but  for  many  generations 
their  true  nature  was  not  understood.  They  were 
believed  to  be  'freaks  of  nature,'  or  products  of  a  F^g.  i24.-Belemn!tes. 
universal  deluge,  until  geologists  showed  that  they  nite(res"oTed) 
were  in_  fact  organic  remains.  Traces  of  this  belief 
are  left  in  some  of  the  names  which  were  first  applied  to  the  relics.  Thus 
in  several  of  the  older  rocks,  as  the  chalk  formation,  long  conical  fossils 

V  Geology  of  England  and  Wales,  by  Horace  B.  Woodward, 

F.G.S.,  p.  26,  second  edition,  1887. 
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called  belemmtes  are  found.  The  word  is  from  the  Greek,  and  means  a 
dart,  as  the  ancients  believed  them  to  be  the  thunderbolts  of  Tove  Thev 

^'^.fTi'""'^"  ^°  P'='"^^''  ^"t^"""^!  ^ones  of  a  race  of  ten-armed 

cuttle-nshea. 

Another  well-known  fossil,  called  the  ammonite,  received  its  name  from 
a  resemblance  to  the  horns  on  the  statue  of  Jupiter  Ammon     T^y  ar^ 

popularly  known  as  snakestones.  The  ammo- 
nite IS  the  fossil  shell  of  an  extinct  kind  of 
molluscous  or  soft-bodied  animal  that  inhabited 
a  chambered  shell  curved  like  a  coiled  snake. 
Ammonites  vary  in  size  from  a  small  button  to 
a  coach -wheel.  Many  of  the  shells  must  have 
been  beautifully  marked.  Both  ammonites 
and  belemmtes  are  extinct,  having  disappeared 
with  the  cretaceous  period.  But  among  the 
fossil  remains  none  are  more  strange  than  the 
immense  Saurians,  an  order  of  reptiles  that  in- 
habited the  seas  of  the  Mesozoic  period.  Fig. 
126  shows  the  remains  in  a  rock  of  one  of  these 
reptiles,  called  the  ichthyosaurus.  It  was  a 
huge  creature  from  thirty  to  fifty  feet  long,  half 
,.,  ,.,        ,  half  lizard,  with  a  snout  like  a  porpoise, 

teeth  ike  a  crocodile,  and  paddles  like  the  whale.    Each  rocky  stVatL  is 
in  fact  distinguished  by  its  fossils,  or  at  least  by  certain  of  its  fossils;  and 
hus  the  fossils  serve  to  mark  out  the  place  which  the  stratum  occupies  in 
the  series  of  stratified  rocks.    Moreover  a  naturalist  can  tell  whether  the 

fossil  shell  (for  shells  are  the  most  abun- 
dant fossils)  was  that  of  a  fresh-water 
mollusc,  of  a  mollusc  that  inhabited  the 
brackish  water  near  the  mouth  of  a  river, 
of  a  marine  mollusc,  or  of  a  terrestrial 
mollusc.  This  is  one  of  the  ways  in  which 
the  geologist  ascertains  whether  a  bed  of 
rock  was  formed  out  of  the  ooze  drifted 
over  a  lake,  or  out  of  the  sand  deposited 


Fig.  125.— Ammonite. 


Fig.  126.  —  Ichthyosaurus  communis. 


in  an  estuary,  or  out  of  the  layers  spread 


over  the  bottom  of  a  former  sea.  The  illustration  on  the  next  page  gives 
a  diagram  of  the  stratified  rocks,  with  figures  of  some  of  the  characteristic 
fossils  of  each  formation. 

266.  Progress  of  Life. — Life  began  among  plants  in  simple  seaweeds, 
and  these  were  followed  by  lycopods  (plants  intermediate  between  mosses 
and  ferns),  ferns,  and  other  Jlozuerless  plants.  To  these  succeeded  the 
lowest  kind  oi Jloweriiig -plaxiis,  and  finally  there  appeared  palms,  oaks,  the 
ash,  the  elm,  the  orange,  the  rose,  and  others  of  the  higher  flowering 
species.  Among  animals  life  began  with  simple  invertebrates.  Fora- 
minifera,'  molluscs,  corals,  and  trilobites  are  abundant  in  the  earliest 
formations.    The  trilobite,  of  which  there  were  many  classes,  was  an 

'  The  earliest  known  fossil  is  a  supposed  foraminiferal  form  called 
Eozoon  canadense.  It  is  found  in  the  Laurentian  rocks  of  Canada.  The 
dark  layers  in  the  figure  are  thought  to  mark  the  position  of  the  animals. 
Many  geologists,  however,  believe  that  the  marks  are  of  mineral  origin 
only. 
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CHAaACTEB.ISTIC 

roaaiL  hemains 


1.  Recskt  Deposits. 


(1)  yummtdtUt. 


1^ 


S.  CllETAOEOUa. 

(1)  Inoeeramui. 
I)  TurriliUi. 

(3)  PtrKn. 

(4)  Ham  lift. 


6.  OOLITK. 

( ) )  /'holadomya, 
(•i)  Tiigonia. 
(;))  Manltllia. 
(4)  ^^nfjo-a. 


7.  LlA3. 

(1)  Icthyosaurus, 
 AmmoTtiffS. 


8.  Triassic. 

(1)  Labyriitthodm, 

(2)  £itc/-inui. 


.  Permiak. 

(1)  Bakruellia. 

(2)  Pioduclui. 

(3)  Palccvmxcus. 


10,  CAnnONiKF.iious. 

(1)  Oontaliiei 

(2)  L^pidoftftidron. 

(3)  ro/amito. 


11.  Devo.viah. 
Pterichtftyt, 


12.  SiuniAlt  • 

(1)  SiropliomtnOt 

(2)  Linguta. 

(3)  Pemamfrut, 

(4)  Ca/ymenf. 


13.  CaXIRIaM. 

Qidhomio. 


14.  LaukemTiau. 


Fig.  127. 
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The  Devonian 


Fig.  128.,— Trilobite. 


annual  belonging  to  the  same  family  as  the  shrimps,  but  much  larger  Its 
hard  shelly  covering  is  frequently  found  as  a  fossil  in  some  of  the  rocks  of 
the  Palc-cozoic  period,  but  it  disappeared  in  the  Carboniferous  period 
Afterwards  there  came  an  age  when  worms  and  fishes  were  nunierous 

been  called  the  Age  of  Fishe.s,  as  they  were  so 
numerous  in  that  period.  In  this  period  also 
there  appeared  the  first  air-breathing  animals, 
in  the  form  of  insects.  During  the  Carbonife- 
rous period  the  land  was  covered  in  many 
places  with  the  huge  ferns,  club-mosses,  shrubs, 
and  trees  out  of  which  the  coal  beds  have  been 
formed.  Besides  the  classes  of  animals  already 
mentioned,  a  higher  group  of  vertebrates,  called 
Amphibians,  were  abundant  at  this  time.  Amphi- 
bians, as  frogs  and  salamanders,  are  intermediate 
between  fishes  and  reptiles.  They  breathe  by 
gills  in  early  life,  and  by  lungs  in  the  adult 
stage.  In  the  Permian  period,  reptiles,  which 
are  vertebrate  animals  that  breathe  by  lungs 
during  their  whole  life,  make  their  appearance, 
and  they  were  so  abundant  during  the  Secondary 
or  Mesozoic  period  that  it  has  been  called  the 
Age  of  Reptiles.  The  great  lizard -like  Saurians, 
.  „     ,  of  which  the  ichthyosaurus  is   an  example, 

especially  characterise  the  Jurassic  strata.  After  this  period  the  reptiles 
dwindled,  and  the  higher  class  of  animals,  known  as  mammals  or  quadru- 
peds, roamed  over  the  continents.  The  earliest  fossil  birds  belong  to  the 
Jurassic  period.  For  many  ages  the  birds  had  teeth,  and  it  was  not  till 
Eocene  times  that  true  birds  existed. 

During  the  Eocene  period  numerous  extinct  species  of  coin-shaped 
Foraminifera,  called  Nummulites  (Lat.  nuvimus,  a  coin)  inhabited  the 
waters.  Their  fossil  shells,  which  consisted  of  spirally  arranged  chambers, 
and  which  varied  in  size  from  an  eighth  of  an  inch  to  an  inch,  form  beds  of 
nummulitic  limestone. 

_  It  was  not  until  the  Quaternary  period  that  the  most  highly  organisea 
animal,  man,  appeared.  He  seems  to  have  followed  the  period  of  great 
cold  called  the  Glacial  period,  and  to  have  been  contemporary  with  the 
extinct  mammoth,  cave  hyena,  cave  lion,  and  Irish  elk.  At  first  his 
weapons  were  fashioned  out  of  flint,  basalt,  and  bone.  Many  of  the  stone 
implements  used  by  prehistoric  man  have  been  found  in  various  parts  of 
our  island,  and  these  become  gradually  superseded  by  weapons  of  bronze 
and  iron.  At  this  comparatively  late  period  history  begins.  Thus  there 
has  been  during  the  history  of  the  earth  a  constant  evolution  of  higher 
from  lower  forms  ;  and  though  thousands  of  species  have  died  out,  yet  the 
simpler  forms  have  not  been  wholly  destroyed. 

267.  Changes  of  Climate. — From  what  has  been  said  about  the  early 
condition  of  the  earth,  it  would  appear  that  the  climates  of  the  early  geo- 
logical periods  must  have  been  warmer  than  the  present  ones.  Not  only 
would  the  sun's  heat  be  greater,  so  that  the  earth  would  probably  receive 
more  from  that  source,  but  for  some  time  the  internal  heat  of  the  globe 
would  exert  a  sensible  influence  on  its  surface.  Other  considerations  also' 
indicate  that  there  has  been  a  general  lowering  of  temperature  during  past 
geological  time,  and  a  general  tendency  towards  greater  extremes  of  climate. 
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Thus  the  great  extent  of  fossil  fuel  found  in  the  coal  beds  of  both  hemi- 
spheres indicates  that  during  the  Carboniferous  period  there  was  a  uniform 
warm  and  moist  climate,  in  which  coal  plants  grew  in  low  marshy  situations 
so  luxuriantly  that  they  were  able  to  produce  successive  accumulations  of 
vegetable  matter  of  great  thickness  and  wide  extent.    These  were  from 
time  to  time  covered  over  by  sediments,  and  at  last  mineralised  and  changed 
into  beds  of  coal.    In  the  Cretaceous  period  the  climate  of  the  whole  of 
the  Northern  Hemisphere  was  of  a  sub-tropical  character,  as  is  proved  by 
the  nature  of  the  fossil  plants  found  in  the  rocks  of  this  period.  During 
this  period  also  the  British  Isles  and  many  parts  of  Central  and  Southern 
Europe  were  depressed  beneath  the  sea ;  in  Eocene  times  the  Alps  and 
the  Himalayas  were  raised,  and  it  is  not  till  the  close  of  the  Miocene  times 
that  the  land  was  elevated  into  a  position  very  similar  to  the  present. 
Such  changes  in  land  and  water  surfaces  must  have  produced  some  effect 
on  climate.    But  there  is  evidence  to  show  that  towards  the  end  of  the 
Cainozoic  or  Tertiary  period  alternations  of  cold  and  warm  ages  prevailed 
in  both  hemispheres.    The  climate  of  our  islands  and  of  the  northern  part 
of  Europe  became  as  severe  as  that  of  the  Arctic  regions  of  the  present 


day.  Proof  of  this  is  abundant  in  the  ice-scratched  rocks,  erratic  blocks, 
and  boulder  clay  formed  of  ice-ground  material,  which  may  be  found  so 
readily  in  most  parts  of  Scotland,  and  in  Northern  and  Central  England. 
In  fact,  the  greater  part  of  the  country  must  have  been  buried  under  one 
vast  glacier,  which  as  it  moved  downwards  ground  away  the  rocks,  trans- 
ported huge  fragments,  and  produced  the  great  mass  of  clay  and  stones  now 
found  on  the  surface  of  the  stratified  rocks  in  so  many  parts  of  the  country. 
How  long  this  glacial  epoch  or  ice  age  lasted  it  is  not  possible  to  say  ;  that 
it  was  not  one  unbroken  period  of  cold,  but  that  there  were  one  or  more 
warm  intervals,  seems  certain  from  the  remains  of  forests  and  animals  dis- 
covered in  the  thicker  masses  of  the  boulder  clay.  The  cause  of  these  alterna- 
tions of  cold  and  warm  cycles  has  been  attributed  to  periodical  variations 
in  the  eccentricity  of  the  earth's  orbit,  combined  with  the  changes  which 
such  variations  would  cause  in  the  deflection  of  ocean  currents,  and  other 
climatic  conditions. 

Regarding  geological  time,  little  can  be  said  until  the  pupil  has  made 
more  acquaintance  with  the  facts  of  the  science.    The  total  thickness  of 


Fig.  129. — Section  of  Coal-field  South  of  Malmesbury. 


1.  Old  red  sandstone. 

2.  Mountain  limestone. 

3.  Millstone  grit. 

4.  Coal  seams. 


5.  Coarse  sandstone. 

6.  New  red  sandstone. 

7.  Lias. 

8.  Inferior  oolite. 


9.  Great  oolite. 
10.  Corn  brash  and 
forest  marl. 
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the  stratified  rocks,  if  they  were  all  found  superposed  in  any  locality,  could 
hardly  be  less  than  100,000  feet,  and  a  very  moderate  computation  requires 
100,000,000  of  years  for  their  deposition. 


CHAPTER  XV. 
MAGNETISM  AND  ELECTRICITY  OF  THE  EARTH. 

268.  Natural  and  Artificial  Magnets. — Among  the  older 
geological  formations  of  Scandinavia  and  America  an  ore  of 
iron  having  a  composition  represented  by  the  formula  Fe304 
is  worked,  and  from  it  iron  of  excellent  quality  is  obtained. 
This  ore  in  its  natural  state  possesses  the  peculiar  property  ol 
attracting  iron  and  some  other  substances,  and  is  often  called 
magnetic  oxide  of  iron,  or  the  lodestone  (A.S.  Icedan,  to  lead). 
Magnetic  iron  ore  was  first  found  in  Magnesia,  in  Asia 
Minor,  and  was  called  by  the  Greeks  magnes,  whence  our 
word  magnet.  Magnets  are  substances  that  possess  the  pro- 
perty of  attracting  iron,  and  magnetism  is  the  name  of  the 
science  which  treats  of  the  causes  and  phenomena  of  this  at- 
tractive property.  The  ore  itself  is  called  a  natural  magnet. 
When  a  bar  or  needle  of  steel  is  rubbed  by  a  piece  of  this 
magnetic  ore  it  also  acquires  the  attractive  property  of  the 
ore,  and  such  a  bar  is  called  an  artificial  magnet. 

269.  Poles  and  Neutral  Lines  of  a  Magnet. — On  dipping  a  magnetised 
steel  bar  into  iron  filings  we  notice  that  the  attractive  force  is  not  evenly 
distributed.    Tufts  of  filings  cling  to  the  end  of  the  bar,  and  the  number 

of  attracted  filings  diminishes 
fe,  towards  the  middle,  where 
none  are  found.  That  part  of 
the  bar  where  there  is  no  visible 
attractive  force  is  called  the 
Fig.  i3o.-Iron  tilings  attracted  by  a  Magnet.     gq^^tor  or  neutral  line,  and 

the  parts  near  the  ends  of  the  bar,  where  the  force  of  attraction  is  greatest, 
are  called  poles.  The  term  poles  or  polarity  is  often  employed  to  denote 
equal  and  opposite  properties  in  opposite  portions  of  a  particle  or  mass,  or 
•  opposite  and  antithetical  actions,  which  are  manifested  at  opposite  ends 
of  a  line  of  force. ' 

Every  magnet  has  two  poles  and  a  neutral  line.  If  the  bar  be  broken 
in  two,  each  part  will  be  found  to  be  a  complete  magnet,  with  its  two 
poles  and  neutral  line.  The  magnetic  force  is  exerted  not  only  when  the 
two  substances  are  in  contact,  but  at  a  distance.  The  force,  however, 
diminishes  according  to  the  square  of  the  distance.  It  is  also  exerted 
through  intervening  substances.    If  a  sheet  of  glass  or  cardboard  be  placed 
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over  a  magnet,  and  filings  sprinkled  over  it,  it  will  be  seen  that  the  filings 
arrange  themselves  along  curved  lines  from  one  pole  to  another.  A  bar  of 
steel  may  be  bent  into  a  curve  like  a  horeshoe,  the  poles  still  remaining 
near  the  end,  and  the  neutral  line  being  still  in  the 
middle.  A  keeper  is  often  added  to  the  horseshoe  magnet 
to  close  the  circuit,  as  in  fig.  131. 

270.  Magnetic  Needles.— A  magnetised  steel  bar 
freely  suspended  at  its  centre,  or  freely  balanced  on  a 
pivot  at  its  centre,  is  called  a  Jiiagnetic  needle.  Such  a 
magnetic  needle  assumes  a  position  nearly  parallel  to  the 
geographical  meridian,  the  line  passing  through  a  given 
place,  and  through  the  north  and  south  geographical 
poles.  In  other  words,  one  end  of  the  needle  points 
approximately  to  the  north  and  the  other  end  to  the 
south  ;  and  if  the  needle  be  turned  in  another  direction, 
it  will  come  back  to  this  position.  That  end  of  a  freely 
suspended  magnetic  needle  which  points  to  the  north  is  Fig.  iii —  Horse- 
called  the  North  Pole,  and  the  end  which  points  to  the  shoe  Magnet  and 
south  is  called  the  South  Pole  of  the  magnet.  Keeper. 

271.  Eeciprocal  Action  of  Poles.— If  we  place  the  north  pole  of  a 
magnet  near  the  north  pole  of  a  suspended  magnet,  the  latter  is  repelled; 
while  if  we  place  the  north  pole  near  the  south  pole,  the  latter  is  attracted. 


Fig.  13a.  —Attraction  of  Opposite  Poles. 

A  similar  experiment  by  presenting  the  south  pole  of  a  magnet  to  the  sus- 
pended magnet  leads  us  to  the  following  law  :— Like  poles  repel,  and  unlike 
poles  attract  one  another. 

If  the  similar  poles  of  two  equal  magnets  be  brought  together,  the 
magnetism  of  the  two  will  be  neutralised,  so  as  to  have  no  effect. 

272.  Magnetic  Induction. — When  a  steel  bar  has  been  magnetised,  it 
retains  its  magnetism  for  a  considerable  time,  and  is  spoken  of  as  a  permanent 
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magnet.  If  a  bar  of  soft  iron  be  brought  near  or  in  contac':  with  such  a 
permanent  magnet,  it  is  also  found  to  have  become  a  magnet. 

The  action  in  virtue  of  which  a  magnet  is  thus  enabled  to  develop  mag- 
netism in  another  body  is  called  magnetic  induction.  Thus,  if  the  magnet 
B  have  its  north  pole  brought  in  contact  with  a  piece  of  soft  iron,  it  is 
seen  that  magnetism  has  been  induced  in  the  iron,  the  end  of  the  soft  iron 
touching  the  magnet  having  an  unlike  pole  produced  in  it,  the  like  pole 


Fig.  13  >— Magnetic  Induction. 

being  repelled  to  the  other  end.  Other  pieces  may  be  attached  to  this 
until  the  supporting  strength  of  the  magnet  is  reached.  Thus  the  magnet 
in  fig.  133  is  seen  to  have  five  such  pieces  attached.  When  the  perrna- 
nent  magnet  is  withdrawn,  the  soft  iron  ceases  to  exhibit  any  attractive 
force,  and  returns  to  its  neutral  condition.  Hence  it  is  called  a  '  temporary 
magnet.' 

273.  Difference  between  Magnets  and  Magnetic  Substances. —A 

magnetic  substance  is  a  substance  which  is  attracted  by  a  magnet.  Iron, 
nickel,  cobalt,  platinum,  oxygen,  and  several  other  substances  suffer  attrac- 
tion. Magnets  are  substances  which  possess  the  attractive  property,  and 
which  have  the  property  concentrated  at  the  two  poles.  A  magnetic  sub- 
stance has  no  poles,  and  if  presented  successively  to  the  two  ends  of  a 
magnetic  needle,  it  will  be  attracted  by  both  ends  equally.  A  magnet 
would  be  attracted  at  one  end  and  repelled  at  the  other. 

274.  The  Earth  a  Great  Magnet.— As  already  pointed  out,  a  freely 
suspended  magnetic  needle,  or  a  needle  balanced  on  a  pivot,  not  only 
possesses  the  property  of  all  iron,  but  also  that  of  setting  itself  m  a  definite 
position— nearly  north  and  south.  This  is  due  to  the  fact  that  the  earth 
itself  is  a  great  magnet.  Its  poles  and  neutral  line,  however,  do  not 
coincide  exactly  with  the  geographical  poles  and  equator.  Like  other 
magnets,  the  earth  attracts  the  opposite  poles  of  a  magnetic  needle,  and 
causes  the  poles  of  this  needle  to  lie  in  the  direction  of  the  line  joming  the 
magnetic  poles  of  the  earth.  The  north  magnetic  pole  of  the  earth  was 
discovered  by  Sir  James  Ross,  and  is  situated  in  lat.  70°  N.,  and  in  long.  96 
47'  W.  The  position  of  the  south  magnetic  pole  has  not  been  found,  though 
from  certain  calculations  it  is  believed  to  be  in  lat.  73°  30',  and  m  147". E. 
lone.  If,  instead  of  placing  the  needle  on  a  pivot,  we  placed  it  on  a  cork  in  a 
vessel  of  water,  it  is  found  that  the  needle,  after  a  few  oscillations,  comes 
into  a  position  which  is  in  the  same  direction  as  that  which  it  had  on  the 
pivot.  It  does  not  move  about,  but  only  sets  in  a  certam  direction.  Hence 
the  earth's  magnetism  is  simply  directive,  not  translative. 

27=:.  Declination. -The  geographical  meridian  of  a  place  is  the  ima- 
ginary vertical  plane  passing  through  this  place  and  the  two  geographical 
poles     It  is  usually  indicated  by  a  line  on  the  surface  of  the  globe.  The 
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magnetic  meridian  is  the  vertical  plane  passing  through  the  two  poles  of  a 
treely  suspended  magnetic  needle,  and  which,  being  produced  in  both 
directions,  also  passes  through  the  magnetic  poles  of 
the  earth.    These  two  meridians  do  not  coincide,  and  ''■ 
the  angle  which  the  direction  of  the  needle  makes  with 
Ihe  geographical  meridian  is  called  the  declination  or 
variation  of  the  magnetic  needle.     The  declination  is 
said  to  be  east  or  west  according  as  the  north  pole  of  the 
needle  is  to  the  east  or  west  of  the  geographical  meridian. 
Itius   m  fig.  134,  ab\%  the  direction  of  the  magnetic 
meridian,  and  s  n  the  direction  of  the  geographical 
meridian.    The  angle  formed  between  the  two  meridians 
at  any  place  is  the  declination  of  the  needle  at  that 
place.    The  declination  varies  at  different  places.  At 
present  it  is  to  the  west  in  Europe  and  Asia. 

It  also  varies  at  the  same  place  in  the  course  of  time. 
1  his  steady  change  in  one  direction  for  some  years  is 
called  the  secular  variation  of  the  needle.  Thus,  at 
London,*  it  was  found  that — 

InA.D.  1580  the  magnetic  needle  pointed  li°  15'  E.  of  N 

"        1657  diiP  N  Fig.  i34.-Declina- 

t5?tS  "  ^  r:,  ti°n  of  Compass 

M  „        24°38'W.  ofN.     Needle.  ^ 

"  ..       „       about  18°  W.  of  N. 

^^92  „       „       17°  12' W.  of  N. 


This  is  greatest 


There  is  also  a  small  diurnal  variation  of  the  needle, 
in  summer  and  least  in  winter. 

Lines  connecting  those  places  on  the  earth's 
surface, at  which  the  declination  or  variation 
is  the  same  are  called  isogonal  lines  (Gr,  isos, 
equal ;  gonia,  an  angle), 

276.  Inclination  or  Dip,— When  a  needle 
is  supported  on  a  vertical  pivot  so  as  to  remain 
quite  horizontal,  it  is  found  that  on  being 
magnetised  it  no  longer  remains  horizontal, 
but  at  London  the  north  end  of  the  needle 
dips  down  and  forms  an  angle  of  about  67°  30' 
with  the  horizontal  plane.  In  order  to  see  the 
dip  accurately  the  needle  must  be  placed  in 
the  magnetic  meridian.  The  angle  which  a 
magnetic  needle  capable  of  vertical  movement 
niakes  with  the  horizontal  plane  is  called  the 
inclination  or  dip,  and  a  needle  so  poised  is 
caUed  a  dipping  needle.  The  dip  varies  in 
different  parts  of  the  world.  On  going  north  , 
of  London  the  dip  increases  ;  on  going  south 
the  dip  diminishes.  The  magnetic  equator  of 
the  earth,  or  neutral  line,  is  the  line  connecting 
those  places  where  there  is  no  dip,  and  the 
magnetic  poles  of  the  earth  are  the  places 

where  the  dipping  needle  is  vertical.    Lines  F'g.  135— Inclination  Compass, 
connecting  those  places  on  the  earth's  surface         °''  ^'PP'"S  Needle, 
at  which  the  magnetic  dip  or  inclination  is  the  same  are  called  isoclinii 


'  See  par.  290. 
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lines  (Gr.  isos,  equal ;  klino,  to  incline).  The  dip  undergoes  changes  in 
the  course  of  time.  At  London  in  1800  it  was  70°  35',  but  it  has  now 
(1892)  decreased  to  67°  22'. 

The  force  of  the  earth's  magnetism  is  least  at  the  magnetic  equator, 
and  increases  as  we  approach  the  magnetic  poles.  If  a  horizontally  sus 
pended  magnetic  needle  be  moved  from  its  position  of  rest,  it  will  return 
to  its  former  position  after  a  number  of  oscillations.  This  number  varies 
with  the  position  of  the  place,  and  it  has  been  proved  that  the  force  or 
intensity  of  the  earth's  magnetism  at  any  two  places  is  proportional  to  the 
square  of  the  number  of  oscillations  made  by  the  same  magnetic  needle  at 
these  two  places.  The  declination,  the  inclination,  and  the  horizontal 
force  at  any  place  are  called  the  '  earth's  magnetic  elements '  at  that  place. 

277.  Mariner's  Compass.— An  important  application  of  the 
magnetic  action  of  the  earth  is  made  in  the  mariner's  compass. 
This  is  an  instrument  used  to  indicate  the  magnetic  meridian, 

or  the  position  of 
objects  with  respect 
to  that  meridian. 
It  consists  of  a 
magnetised  bar  of 
steel  attached  to  a 
circular  card  which 
turns  with  it,  and 
the  circumference 
of  which  is  divided 
into  thirty-two 
parts,  called  poifils 
or  rhumbs.  The 
card  is  so  fixed  that 
the  crown  or  fleur- 
de-lis  is  exactly  over 

-Needle  and  Card  of  Mariner's  Compass.        ^Jjg  nortll  Or  marked 

end  of  the  needle.  The  needle  and  card  are  placed  in  a 
basin,  and  supported  at  the  centre  on  an  upright  sharp-pointed 
pivot  of  steel  which  fits  into  an  agate  cap.  In  this  way 
the  needle  and  card  are  capable  of  moving  horizontally  in 
any  direction  with  the  least  possible  friction.  The  pivot  rises 
from  the  centre  of  a  glass-covered  circular  box,  which  is  sus- 
pended so  that  it  always  retains  a  horizontal  position  notwith- 
standing the  rolling  of  the  ship.  The  compass  is  placed  in  a 
part  of  a  ship  called  the  binnacle,  in  sight  of  the  helmsman. 


Fig.  136. 
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Fig.  137. — Diagram  of 
Land  Compass. 


Inside  the  compass  box  or  bowl  is  placed  a  black  line  called 
the  lubber  line,  in  the  direction  of  the  ship's  bow,  and  the 
helmsman  has  to  keep  the  point  of  the  card  which  marks  out 
the  ship's  course  in  contact  with  this  line. 

In  a  land  compass  the  magnetic 
needle  is  so  arranged  that  it  moves 
in  a  case  above  a  graduated  card. 
Knowing  the  declination  of  the  com- 
pass at  any  place,  the  traveller  can 
determine  the  geographical  meridian, 
or  north  and  south  line,  by  turning 
the  compass  until  the  needle  deviates 
from  the  line  N  S  by  a  quantity 
equal  to  the  declination. 

The  notation  of  the  compass  is 
as  follows  : — • 

'The  circumference  being  divided  into  the  four  quadrants  by  two 
diameters  at  right  angles,  the  extremities  of  these  diameters  are  the  four 
cardinal  points  {cardo,  a  hinge),  marked  N.,  S.,  E.,  W.  (north,  south, 
east,  west).  Bisecting  each  of  the  quadrants,  the  several  points  of  bisec- 
tion are  denoted  by  placing  the  two  letters  at  the  extremities  of  the 
quadrant  in  juxtaposition.  Thus  N.E.  (north-east)  denotes  the  point 
which  is  halfway  between  north  and  east  ;  and  so  with  N.W.,  S.E.,  S.W. 
(north-west,  south-east,  south-west).  Let 
the  octants  next  be  bisected  ;  the  points 
of  di\asion  are  denoted  by  prefixing  to  each 
of  the  above  combinations,  first  the  one,  and 
then  the  other,  of  the  two  cardinal  points 
of  which  it  is  formed.  Thus  N.E.  gives 
N.N.E.  and  E.N.E.  (north-north-east  and 
east-north-east) ;  and  so  in  respect  of  the  -w.bS 
other.  Sixteen  points  have  thus  been  ^f>1^ 
named.  Let  the  distance  be  again  bisecttd, 
then  each  of  the  points  so  found  is  expressed 
by  that  one  of  the  preceding  points  already 
named  to  which  it  is  nearest,  followed  by 
the  name  of  the  cardinal  point  towards 
which  its  departure  from  the  nearest  points 
leads  it,  the  two  being  separated  by  the  letter  b  (by).  Thus  the  point 
halfway  between  N.  and  N.N.E.  is  N.  by  E.  (north  by  east);  that  which 
is  halfway  between  N.N.E.  and  N.E.  is  N.E.  by  N.  (north-east  by 
north)  ;  &c.  The  whole  of  the  thirty-two  points  are  thus  distinguished, 
as  in  the  figure.' 

278.  Electricity — 'Electricity  is  a  powerful  physical  agent  which 
manifests  Itself  mamly  by  attractions  and  repulsions,  but  also  by  luminous 
and  heating  effects,  by  violent  commotions,  by  chemical  decomposition, 
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Fig.  138.— Points  of  Compass. 
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and  many  other  phenomena.  Unlike  gravity,  it  is  not  inherent  in  bodies 
but  is  evoked  in  them  by  a  variety  of  causes,  among  which  are  friction, 
pressure,  chemical  action,  heat,  and  magnetism.' — Ganot.  *  ' 

279.  Electrical  Excitation.—When  a  glass  tube  is  rubbed 
with  a  piece  of  silk,  it  acquires  the  power  of  attracting  light 

substances,  such  as  little 
pieces  of  paper,  feathers, 
and  light  pith-balls,  and 
if  brought  near  the  face 
it  gives  rise  to  a  pecu- 
liar sensation.  A  rod  of 
sealing-wax  or  ebonite 
rubbed  with  flannel  ex- 
hibits similar  properties. 
If  the  rod  be  excited  in 

Fig.  I39.-Particles  attracted  by  a  Rubbed  ^^^k,    lumiuOUS  cf- 

Rod  of  Glass.  fects  may  be  observed. 

This  peculiar  attractive  force  has  received  the  name  of  elec- 
tricity, from  the  Greek  word  electron,  amber,  as  it  was  first 
excited  by  the  rubbing  of  this  substance. 

280.  Two  Kinds  of  Electricity.— It  is  found  that  after  a  substance 
has  been  in  contact  with  the  excited  body,  it  is  repelled  by  this  same  body. 
To  show  this  we  may  hang  a  pith-ball  by  means  of  a  silk  thread  to  a  con- 
venient support.  On  bringing  an  excited  glass  rod  near  this  ball  it  is  first 
attracted  to  the  glass,  but  after  touching  it  for  a  moment  the  glass  then 
repels  it.  If  we  now  bring  near  the  pith-ball  the  rod  of  sealing-wax  that 
has  been  rubbed  with  flannel,  the  pith-ball  is  seen  to  be  attracted.  Light 
bodies,  then,  that  are  repelled  by  excited  glass  are  attracted  by  excited 
sealing-wax,  and  vice  versd,  and  the  glass  and  the  wax  are  said  to  be  in 
opposite  electrical  states.  The  electricity  produced  by  rubbing  glass  with 
silk  is  called  positive  or  vitreous  electricity,  and  is  represented  by  the 
sign -I- ;  _  the  electricity  produced  by  rubbing  sealing-wax  or  ebonite  with 
flannel  is  called  negative  or  resinous  electricity,  and  is  represented  by  the 
sign  — .  From  the  above  experiment  we  learn  that  similarly  electrified 
bodies  repel  otte  another,  and  dissimilarly  electrified  bodies  attract  om 
another.  This  may  be  compared  with  the  mutual  action  of  magnetic 
poles.  The  two  kinds  of  electricity  are  excited  by  friction  between  many 
other  substances  than  those  mentioned  above,  when  the  bodies  differ  in 
qualities  of  structure  and  composition.  These  two  sorts  of  electricity  are 
always  produced  together  and  in  equal  quantities.  Thus  the  silk  with 
which  the  glass  rod  was  rubbed  will  be  found  to  possess  the  opposite  kind 
of  electricity  to  that  produced  in  the  glass. 

281.  Conductors  and  Non-conductors  When  electricity  has  been 

produced,  it  is  found  to  pass  along  some  bodies,  as  the  metals,  very  easily ; 
while  in  other  cases,  as  glass  and  wax,  it  passes  very  slowly. 
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Those  substances  which  allow  the  electricity  to  pass  easily  along  are 
called  conductors,  and  those  which  hinder  its  passage  are  called  non- 
conductors. 

If  the  pith-ball  were  hung  by  a  wire,  this  would  conduct  away  the 
electricity,  and  the  ball  would  not  be  repelled  after  contact.  The 
following  table  gives  a  few  of  the  bodies  remarkable  for  good  or  bad  con- 
ducting powers  : — 


282.  Electrical  Induction. — If  a  body  in  a  highly  positive  electric 
state  be  brought  near  a  metallic  conductor  insulated  upon  a  glass  support, 
it  will  be  found  that  the  end  nearest  the  electrified  body  is  negatively 
electrified,  while  the  other  extremity  is  positively  electrified.  This  is 
explained  by  saying  that  the  positive  electricity  of  the  substance  brought 
near  the  insulated  conductor  attracts  the  negative  electricity  towards  itself 


and  repels  the  positive  electricity.  If  we  assume,  as  is  sometimes  done, 
two  kinds  of  electric  fluid,  we  may  say  that  the  positive  electricity  of  the 
body  brought  near  the  insulated  conductor  decomposes  the  neutral  fluid 
of  the  latter,  attracting  the  negative  fluid  and  repelling  the  positive  fluid. 
On  withdrawing  the  positively  electrified  body  these  two  fluids  recombine 
to  form  a  neutral  fluid,  and  the  conductor  is  not  then  electrified. 

The  action  excited  on  a  substance  by  an  electrified  body  placed  at  a 


Conductors. 

Metals. 

Charcoal. 

Graphite. 

Acids. 

Saline  solutions. 
Damp  air. 
Flame. 
Moist  bodies. 


Non-conductors. 
Ebonite. 
Sealing-wax. 
Amber. 
Caoutchouc. 
Dry  air. 
Sulphur. 
Glass. 
Silk. 


Fig.  140. — Electrical  Induction. 
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distance  is  said  to  take  place  by  influence  or  induction.  If,  while  our  con- 
ductor is  under  the  influence  of  the  positively  electrified  body  brought  near 
it,  we  touch  it  with  the  hand  at  the  opposite  end,  the  repelled  positive 
electricity  will  escape  to  the  earth  through  our  body,  and  the  insulated 
conductor  will  then  remain  charged  with  negative  electricity,  even  after  the 
exciting  body  is  removed. 

283.  Electrical  Machines. —An  ordinary  electrical  machine  consists  of 
a  circular  glass  plate  which  can  be  turned  by  means  of  a  glass  handle.  This 
plate  revolves  between  two  sets  of  cushions  or  rubbers  of  leather.  In  front 
of  the  plate  are  two  brass  rods  with  a  series  of  points  opposite  the  glass, 
and  these  rods  are  fastened  to  two  insulated  metal  cylinders,  which  are 
called  the  prime  conductor  of  the  machine.  On  turning  the  circular  glass 
plate  electrical  separation  takes  place  ;  positive  electricity  appears  on  the 
glass,  and  negative  electricity  escapes  through  the  rubbers  to  the  earth. 
The  positive  electricity  of  the  glass  acts  by  induction  on  the  neutral  condi- 
tion of  the  prime  conductor,  attracting  the  negative  electricity  to  the  points, 
and  repelling  the  positive  electricity  to  the  further  end  of  the  conductor! 
In  this  way  the  plate  abstracts  the  negative  electricity  from  the  prime  con- 
ductor, and  leaves  it  charged  with  positive  electricity.  If  the  hand  or  some 
other  conductor  be  now  brought  near  the  prime  conductor  of  the  electrical 
machine  a  snapping  noise  is  heard,  and  a  bright  spark  is  seen.  This  dis- 
ruptive discharge,  as  it  is  called,  is  produced  by  the  sudden  union  of  the 
positive  electricity  of  the  machine  and  the  negative  electricity  induced  in 
the  hand  brought  near. 

^  284.  Atmospheric  Electricity.— There  is  always  a  certain 
amount  of  electricity  in  the  atmosphere,  though  the  origin  of 
it  is  not  quite  clear.  By  some  it  is  believed  to  be  produced 
chiefly  by  evaporation.  Usually  the  electricity  of  the  atmo- 
sphere is  positive.  When  a  cloud  is  charged  with  positive 
electricity  and  comes  over  a  portion  of  the  earth,  there  is 
electricity  induced  of  a  magnitude  equal  to  the  charge  of 
the  cloud.  The  stress  thus  produced  may  be  so  intense  as 
to  produce  a  flash  of  lightning,  and  the  equal  and  opposite 
electricities  will  disappear,  Lightning  is  therefore  a  disrup- 
tive discharge  of  electricity  between  two  clouds  charged  with 
opposite  kinds  of  electricity,  or  between  a  charged  cloud  and 
the  earth.  It  is  very  probable  that  the  aqueous  vapour  of  the 
atmosphere  serves  as  the  carrier  of  this  electricity.  The  flashes 
of  lightning  are  often  two  or  three  miles  in  length,  and  usually 
proceed  in  a  zigzag  line  owing  to  the  resistance  of  the  air. 
When  a  visible  cloud  forms  from  the  minute  spheres  of  vapour, 
the  cloud  gets  denser  and  denser  as  thousands  of  spheres 
coalesce  to  form  drops.  Each  of  these  has  its  own  charge  of 
electricity,  and  the  tension  of  the  droplets  is  greatly  increased 
As  the  flash  passes,  the  drops  coalesce  more  easily,  and  this 
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may  account  for  the  sudden  fall  of  the  large  drops  that  so  fre- 
quently follow  a  flash. 

Several  kinds  of  lightning  flashes  may  be  distinguished,  i.  The  zigzag 
flashes  {or  forked  Wghinmg),  which  move  with  extreme  velocity  in  the  form 
of  a  line  of  fire  with  sharp  outlines,  and  which  closely  resemble  the  spark 
of  an  electrical  machine.  The  recent  investigation  of  the  shape  of  light- 
ning discharges  by  means  of  extra  rapid  photographic  dry  plates,  has  shown 
that  the  path  of  a  discharge  is  not  so  sharply  zigzag  as  is  usually  repre- 
sented, but  has  more  the  shape  of  the  course  of  a  river  as  shown  on  a 
map,  and  with  frequent  branchings.  2.  The  sheet  flashes,  which,  instead 
of  being  linear,  like  the  preceding,  fill  the  entire  horizon  without  having  any 
distinct  shape.  This  kind,  which  is  most  frequent,  appears  to  be  produced 
in  the  cloud  itself,  and  to  illuminate  the  mass. 

'According  to  Kundt,  the  numbers  of  sheet  discharges  are  to  the  zigzag 
discharges  as  1 1  :  6  ;  and  from  spectrum  observations  it  would  appear  that 
the  former  are  brush  discharges  between  clouds,  while  the  latter  are  true 
electrical  discharges  between  the  clouds  and  the  earth. 

'  Another  kind,  called  heat  lightning,  is  ascribed  to  distant  lightning 
flashes  which  are  below  the  horizon,  but  illuminate  the  higher  strata  of 
clouds,  so  that  their  brightness  is  visible  at  great  distances  :  they  produce 
no  sound,  probably  in  consequence  of  the  fact  of  their  being  so  far  off  that 
the  rolling  of  thunder  cannot  reach  the  ear  of  the  observer.  There  is, 
further,  the  very  unusual  phenomenon  of  globe  lightning,  or  the  flashes 
which  appear  in  the  form  of  globes  of  fire.  These,  which  are  sometimes 
visible  for  as  much  as  ten  seconds,  descend  from  the  clouds  to  the  earth 
with  such  slowness  that  the  eye  can  follow  them.  They  often  rebound  on 
reaching  the  ground  ;  at  other  times  they  burst  and  explode  with  a  noise 
like  that  of  the  report  of  many  cannon.  No  adequate  explanation  has  been 
given  of  these.' — Ganot. 
^  285.  Keturn  Shock.  — The  sudden  change  of  electrical  condition  brought 
about  when  a  flash  of  lightning  passes  sometimes  produces  a  violent  shock 
even  at  a  distance  from  the  discharge.  After  a  thunder-cloud  has  discharged 
its  electricity  by  combination  with  that  of  the  ground,  the  surrounding  ob- 
jects that  had  been  acted  on  inductively  suddenly  return  from  the  electrical 
state  to  a  neutral  condition,  and  this  abrupt  readjustment  may  produce  a 
concussion  which  is  known  as  the  return  shock. 

rj—  1^86.  Thunder. — The  peal  of  thunder  which  accompanies  a  flash  of 
lightning  is  due  to  the  sudden  displacement  of  the  air ;  and  the  reverbera- 
tion of  the  peal  or  thunder-roll  arises  chiefly  from  the  echoes  produced 
by  the  reflection  of  the  sound  from  objects  on  the  earth,  or  from  the  clouds 
themselves.  The  lightning  and  the  thunder  occur  practically  at  the  same 
time,  but  an  interval  of  some  seconds  is  usually  noticed  between  the  two 
phenomena.  This  is  due  to  the  fact  that  sound  travels  only  at  the  rate  of 
1,100  feet  per  second,  while  the  passage  of  light  is  nearly  instantaneous. 
If,  therefore,  the  thunder  is  heard  at  an  interval  of  six  seconds,  the  thunder- 
cloud from  which  the  lightning  flash  proceeded  must  be  at  a  distance  of 
I, ICG  X  6  =  6,600  feet.' 


•  Thunderstorms  are  most  frequent  and  violent  in  tropical 
while  aurora  are  phenomena  more  characteristic  of  polar  regions. 


220 


Elementary  Physiography 


I41-— A  Voltaic  Element. 


287.  Current  or  Voltaic  Electricity. -The  electricity  of  which  wehave 
bv  nTuc^^^n  °t\"  ^f- P-/-ed  either  directly  by  fric'tion  orTadLct  J 
by  induction.  This  kind  of  electricity  is  often  called  static  electricih 
because  it  remains  on  the  surface,  where  it  was  developed.  But  electricity 
can  be  produced  in  other  ways.  It  is  found  that  when  chemical  actioJ 
takes  place  electricity  is  produced.  Thus  when  zinc  is  being  dissolved  in 
dilute  sulphuric  acid  the  metal  becomes  charged  with  negative  electricity, 

and  the  liquid  with  positive  electricity.  If  two 
plates  of  dissimilar  metals,  such  as  zinc  and 
copper,  be  placed  in  a  liquid  which  acts  on  one 
of  them,  a  current  of  electricity  will  be  found  to 
circulate  through  a  wire  connecting  the  plates. 
The  direction  of  the  current  in  the  connecting 
wire  is  regarded  as  passing  from  the  copper  to  the 
zinc,  which  is  the  direction  in  which  the  positive 
electricity  appears  to  flow  through  the  liquid  in 
the  cell.  Such  an  arrangement  of  two  metals  in 
a  conducting  liquid  is  called  a  voltaic  element  or 
couple. 

If  the  wire  connecting  the  two  plates  of 
,  ,  ,  ,  ,  ,  nietal  be  cut,  positive  electricity  tends  to  accu- 
mjilate  at  the  end  of  the  wire  attached  to  the  copper  plate,  and  negative  elec- 
tricity at  the  end  of  the  wire  attached  to  the  zinc  plate.  The  ends  of  the 
wire  or  terminals  are  called  the  poles  of  the  battery.  A  number  of  voltaic 
elements  or  pairs  arranged  so  that  the  zinc  of  one  element  is  connected  with 
the  copper  of  another,  the  zinc  of  this  last  with  the  copper  of  another  and 
so  on,  IS  called  a  voltaic  battery  or  galvanic  batteiy.  Much  more  powerful 
eftects  are  produced  by  the  current  from  a  battery  than  by  the  current  from 
a  single  element. 

288.  Effects  of  Current  Electricity.— Wires  conveying  electricity  pro- 
duce various  effects,  for  the  energy  of  electricity  may  be  transformed  into 
other  kinds  of  energy.  If  the  ends  of  the  wire  of  a  powerful  voltaic  battery 
be  touched  at  the  same  time  by  the  hands  a  shock  is  felt.  If  the  poles  of  a 
battery  be  joined  by  a  badly  conducting  substance  like  platinum  or  carbon, 
heat  is  produced,  and  with  a  powerful  battery  light  also.  Various  binary 
compounds  may  be  decomposed  by  the  electric  current.  WTien  the  poles 
of  a  voltaic  battery  are  immersed  in  water,  slightly  acidulated  with  sul 
phuric  acid  to  increase  its  conducting  power,  it  is  decomposed  into  its  con, 
stituent  gases,  oxygen  being  given  off  at  the  positive  pole  where  the  current 
enters  the  liquid,  and  hydrogen  at  the  negative  pole  (see  par.  76).  The 
decomposition  of  a  chemical  compound  by  electricity  is  called  electrolysis 
(Gr.  luo,  I  loosen).  The  electric  current  also  exerts  a  peculiar  influence 
over  a  magnetic  needle  suspended  freely  at  its  centre  in  a  direction  parallel 
to  the  wire.  Such  a  needle  tends  to  set  itself  at  right  angles  to  the  wire- 
that  is,  to  the  direction  of  the  current.  Lastly,  if  a  wire  conveying  an 
electric  current  be  insulated  by  surrounding  it  with  silk,  and  then  wound 
round  an  iron  bar,  the  latter  becomes  powerfully  magnetic.  A  bar  of  iron 
converted  into  a  magnet  by  the  action  of  an  electric  current  is  called  an 
electro-jnagttet. 


289.  Auroras. — Auroras,  polar  lights,  or  streamers  are 
luminous  phenomena  often  observed  in  the  neighbourhood  of 
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the  terrestrial  poles.  They  are  most  frequently  seen  in  northern 
latitudes,  where  the  light  is  known  as  the  Aurora  Borealis  or 
northern  light.  That  seen  in  the  Southern  Hemisphere  is  some- 
times called  the  Aurora  Australis.  There  is  evidence,  however,  to 
show  that  auroras  are  manifested  in  both  North  and  South  Hemi- 
spheres at  the  same  time.  The  exact  cause  of  these  lights  is  not 
known.  By  some  they  are  believed  to  be  connected  with  the 
earth's  magnetism,  as  the  auroral  corona  always  forms  round  the 
position  of  the  magnetic  pole.  By  others  they  are  attributed 
to  electric  discharges  which  take  place  in  the  polar  regions 


Fig.  142. — Aurora  Borealis. 


between  the  positive  electricity  of  the  atmosphere  and  the 
negative  electricity  of  the  earth.  The  appearance  may  be  thus 
described,  though  it  must  be  remembered  that  the  forms  of 
the  aurora  are  very  varied.  Towards  evening  an  indistinct 
light  appears  in  the  horizon  in  the  direction  of  the  magnetic 
meridian,  and  this  spreads  east  and  west  so  as  to  form  an  arc, 
with  its  convex  border  upwards.  Streamers  of  light  ther! 
appear  and  converge  towards  a  point  in  the  sky  which  is  in  the 
direction  of  the  line  formed  by  a  prolongation  of  the  dipping 
needle.    The  colour  of  the  streaming  rays  varies,  so  as  some- 
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times  to  produce  the  appearance  of  a  vast  tent  expanded  in  the 
heavens,  the  base  being  red,  the  middle  part  green,  and  the 
remainder  yellow.  After  some  hours  the  brightness  gets  less, 
the  colours  disappear,  and  the  light  vanishes.  The  varieties  of 
coloured  light  exhibited  by  the  aurora  can  be  imitated  im- 
perfecdy  by  the  discharge  of  electric  currents  through  vessels 
partially  exhausted  of  air. 

The  altitude  of  the  aurora  varies  considerably.  Sometimes  it  takes 
place  at  low  elevations,  but  the  average  height  has  been  estimated  at  lOO 
miles.  The  displays  are  most  frequent  in  spring  and  autumn,  and  least 
frequent  in  summer.    They  may  be  seen  at  times  as  far  south  as  England. 

A  remarkable  connection  has  been  observed  between  the  aurora  and 
the  magnetism  of  the  earth,  for  the  magnetic  needle  is  generally  disturbed 
during  a  display  of  the  aurora.  Sudden  and  great  disturbances  of  the  magnetic 
needle  are  spoken  of  as  magnetic  storms.  On  November  17  and  18,  1882,  a 
severe  magnetic  storm  passed  over  the  earth,  and  greatly  disturbed  tele- 
graphic communication.  It  was  accompanied  by  a  brilliant  aurora,  and  at 
the  same  time  there  were  several  dark  spots  forming  in  the  sun.  These 
sun-spots  are  an  indication  of  outbursts  of  solar  heat.  In  some  places  the 
declination  of  the  magnetic  needle  varied  1°  81',  and  the  dip  half  a  degree. 
The  occurrence  of  the  aurora  has  thus  been  associated  with  sun-spots, 
magnetic  storms,  and  earth-currents.  The  periods  of  maximum  frequency 
of  these  phenomena  are  at  intervals  of  I  I'll  years,  and  the  periods  of 
minimum  frequency  are  about  the  middle  of  these  intervals. 

290. — Finding  the  True  North  and  South  Line  by  the  Compass.— The 

variation  of  the  compass,  or  the  declination  of  the  magnetic  needle  from 
the  true  north  and  south  line,  varies  in  the  British  Isles  from  about  i6|°  W. 
at  the  south-east  of  England  to  24°  W.  at  the  west  of  Ireland.  There 
is  annually  a  decrease  of  this  western  declination  of  about  7'.  At  present, 
the  amount  of  declination  is  as  follows  at  certain  stations  :  Dover,  16°  30' ; 
Yarmouth,  16°  45';  London,  17°  12';  Hull,  18°  30';  about  19°  at 
Gloucester,  hirmingham,  York,  and  Whitby ;  about  20°  at  Swansea  and 
Liverpool ;  about  21°  at  Holyhead  and  Glasgow  ;  Dublin,  21°  30'  ;  Cork, 
22°.  (See  map  showing  magnetic  meridians,  in  'Advanced  Physiography.') 
To  find  the  true  north-and-south  line,  i.e.  the  geogi'aphical  meridian,  by 
means  of  a  magnetic  needle,  we  must  draw  a  line  with  the  help  of  a 
graduated  circle  through  the  point  of  suspension  of  the  needle,  the  requisite 
number  of  degrees  (according  to  the  declination  of  the  place  of  observation) 
to  the  east  or  right  of  the  line  marked  out  by  the  magnetic  needle  when  at 
rest ;  or  the  needle  must  be  so  placed  that  it  points  the  declination  number 
of  degrees  west  of  the  north  point  of  the  compass  card,  when  the  line 
joining  the  north  and  south  points  of  the  card  or  dial  will  be  the  true  north- 
and-south  line. 
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CHAPTER  XVI. 
7 HE  SHAPE  AND  MOVEMENTS  OF  THE  EARTH. 

291.  Introductory  Remarks. — On  looking  around  us  we 
soon  learn  that  the  sun  rises  every  day  above  the  eastern  part 
of  the  horizon,  reaches  his  highest  position  in  the  south  at 
noon,  and  then  declines,  to  set  in  the  west.    Continuing  our 
observations  for  some  time,  we  may  notice  that,  though  the 
sun  is  always  exactly  in  the  south  at  noon,  he  does  not  rise  nor 
set  at  one  and  the  same  place  nor  at  the  same  time  throughout 
the  year.    At  night  the  moon  and  the  stars  attract  our  atten- 
tion.   In  the  open  country  we  appear  to  be  situated  at  the 
centre  of  an  immense  hollow  globe  or  sphere,  on  the  inner  or 
concave  surface  of  which  the  stars  and  other  heavenly  bodies 
appear  to  lie.    With  careful  watching  we  may  notice  some  of 
the  stars  rise  above  the  eastern  part  of  the  horizon,  ascend  to 
their  highest  point  in  the  south,  and  then  descend  to  disappear 
below  the  western  horizon.      The  sartie  stars  rise  and  set 
exactly  at  the  same  points,  though  not  exactly  at  the  same 
time,  day  after  day  throughout  the  year.   Some  stars,  however, 
never  set,  but  turn  every  day  in  a  complete  circle  above  the 
horizon,  round  a  fixed  point  of  the  heavens.    If  we  look 
towards  the  north  in  our  latitude,  we  may  at  certain  times  see 
the  stars  arranged  on  that  part  of  the  celestial  vault  in  the 
mode  shown  in  fig  143,  though  if  the  night  be  very  clear 
and  without  moon  more  stars  may  be  seen  than  are  indicated. 
A  careful  watch  of  these  stars,  continued  for  some  time,  will 
convince  us  that  they  are  revolving  in  a  direction  contrary  to 
the  hands  of  a  watch,  around  a  point  very  near  the  central  star 
of  the  figure.    This  star,  around  which  the  others  appear  to 
revolve  in  parallel  circles,  and  which  has  the  same  distance 
above  the  horizon  as  the  observer's  latitude,  is  known  as  Polaris, 
or  the  Pole  Star.    Stars  that  revolve  round  it  without  setting 
are  called  circumsolar  stars.    The  seven  stars  seen  on  the  riglu 
of  the  figure  are  such  stars,  and  form  part  of  a  group  known  as 
the  Great  Bear.    Two  of  the  stars  in  this  group  are  known  as 
the  '  pointers,'  because  they  indicate  the  direction  in  which  we 
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may  look  for  the  Pole  Star,  whether  the  group  is  in  tlie  position 
shown  in  the  figure  or  in  any  other  part  of  its  diurnal  circle ; 
for  the  stars  of  the  Great  Bear,  always  keeping  the  sarne 
position  with  respect  to  each  other,  are  among  the  number  of 
stars  which  in  our  latitude  are  always  above  the  horizon,  and, 
though  only  visible  to  the  naked  eye  after  the  sun's  powerful 


Fiu.  143. — The  Starry  Sphere,  looking  North.    (.Great  Bear  on  the  right.) 

light  is  withdrawn,  they  may  be  seen  with  a  telescope  in  all 
parts  of  their  course.  We  shall  return  to  the  diurnal  move- 
ments of  the  stars  several  times. 

If  we  wish  to  point  out  the  position  of  a  star  on  the  sphere 
of  the  heavens,  or  the  apparent  distance  of  two  stars  from  one 
another,  it  is  clear  that  we  cannot  do  this  by  using  our  measure 
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of  length.  We  cannot  say  that  a  star  is  so  many  yards  or  miles 
from  the  horizon,  or  that  two  stars  are  so  many  inches  apart. 
To  indicate  apparent  distance  in  the  sky,  we  must  express  the 
distance  in  degrees,  or,  in  other  words,  use  angular  measure. 
Before  we  explain  this  we  will  remind  the  reader  of  the  meaning 
of  a  few  common  terms. 

A  plane,  or  plane  surface,  is  a  surface  on  which  a  straight 
edge  can  lie  evenly  in  all  directions.  It  is  regarded  as  having 
length  and  breadth,  but 
no  thickness.  A  good 
floor,  the  sloping  surface 
of  a  desk,  and  the  face 
of  a  blackboard  are  all 
plane  surfaces.  The  po- 
sition of  objects  is  often 
described  by  giving  their 
perpendicular  distances 

from  a  plane.     The  in-  144'— Two  intersecting  Planes. 

tersection  of  two  planes  is  a  straight  line. 

A  circle  is  a  plane  figure  bounded  by  one  line,  which 
is  called  the  circumference,  and  is  such  that  all  straight 
lines  drawn  from  its  centre  (radii)  to  the  circumference  are 
equal. 

A  sphere,  or  globe,  is  a  round  body  bounded  by  a  curved 
surface,  every  point  of  which  surface  is  equally  distant  from  the 
centre.    If  a  section  be  made  by  a 
plane  passing  through  the  centre  of 
a  sphere,  this  plane  cuts  the  surface 
of  the  sphere  in  a  great  circle.  Any 
number  of  great  circles  may  be 
supposed  to  be  drawn  upon  a  sphere, 
and   all  great  circles   bisect  one 
another.    Any  section  of  a  sphere 
made  by  a  plane  which  does  not 
pass  through  the  centre  cuts  the  t 
surface  of  a  sphere  in  what  is  called    fig.  ^s-Giobe,  with  Great  and 
a  small  circle.     Fig.  145  represents  Circles, 
a  sphere  with  a  great  circle  E  E  (seen  obliquely  as  an  ellipse) 
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made  by  a  plane  passing  through  the  centre  C  ;  R  R,  S  S,  and 
T  T  are  small  circles. 

The  earth  on  which  we  live  is  a  globe,  as  will  shortly  \)e 
proved,  and  is  often  called  the  terrestrial  sphere.  The  celestial 
sphere  is  that  sphere  on  which  all  the  heavenly  bodies,  as  the 
sun  and  stars,  appear  to  be  situated.  In  order  to  define  the 
position  of  the  heavenly  bodies  on  the  inner  surface  of  the 
celestial  sphere,  we  imagine  certain  circles  traced  on  its  surface. 


Z' 

Fig.  146. — The  Celestial  Sphere  at  the  latitude  of  London. 


the  observer  being  regarded  as  situated  at  its  centre.  In  fig. 
146,  let  the  letter  O  represent  the  earth,  though  in  reality  our 
earth  is  but  a  mere  point,  so  small  is  it  in  comparison  with  the 
immensity  of  the  celestial  sphere.  The  diameter  of  the  earth 
about  which  it  turns  is  called  its  axis,  and  when  this  is  produced 
both  ways  it  meets  the  celestial  sphere  in  the  points  P  and  P' : 
P  is  the  north  pole  of  the  heavens,  and  P'  is  the  south  pole  of 
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the  heavens,  and  the  celestial  sphere  seems,  in  consequence  of 
the  earth's  rotation,  to  turn  daily  round  the  axis  P  P'. 

An  observer  on  a  level  part  of  the  earth  sees  around  him 
a  circular  plane  bounding  his  view  called  the  plane  of  the 
visible  horizon.   A  great  circle  of  the  heavens  formed  by  a  plane 
passing  through  the  centre  of  the  earth,  and  parallel  to  the 
plane  of  the  visible  horizon,  is  called  the  rational  horizon. 
At  the  infinite  distance  of  the  heavens  these  two  planes  meet 
and  divide  the  celestial  sphere  into  a  visible  hemisphere  and  an 
invisible  hemisphere.    The  rational  horizon  is  indicated  by  the 
great  circle  E  S  W  N.     The  central  point  Z  of  the  visible 
hemisphere  directly  over  our  heads  is  called  the  zenith,  and  the 
central  point  of  the  invisible  half  Z'  is  called  the  nadir.  The  great 
circle  M  E  M'  W,  formed  by  a  plane  passing  through  the  centre 
and  perpendicular  to  the  axis,  is  called  the  celestial  equator.  It 
IS  the  plane  of  the  earth's  equator  extended  to  meet  the  heavens, 
and  It  intersects  the  horizon  at  E  and  W,  the  east  and  west 
pomts.    The  small  circles  parallel  to  the  equator  represent  the 
diurnal  paths  of  the  stars.    A  star  rising  at  E  midway  between 
the  north  and  south  points  ascends  in  about  six  hours  to  its 
highest  point  or  culmination  M  on  the  meridian  S  Z  P  N, 
passes  thence  in  the  same  time  to  W,  where  it  sets,  to  rise 
again  at  E  on  the  next  day.    If  a  star  rises  at  /,  its  diurnal 
course  above  the  horizon  is  smaller,  and  the  time  during  which 
it  IS  visible  is_  shorter.    It  transits  the  meridian  or  culminates 
at  n.    Stars  rising  anywhere  above  the  horizon  on  the  arc  E  N 
culminate  somewhere  on  the  meridian  between  M  and  N' 
remam  above  the  horizon  more  than  twelve  hours,  and  set  just 
as  far  to  the  north  of  the  west  point  as  they  rose  north  of  the 
east  point.    Other  stars,  whose  distances  from  the  pole  star  are 
less  than  the  observer's  latitude,  are  circumpolar  stars,  and 
perform  the  whole  of  their  diurnal  circles  as  N  N'  and  ss'  above 
the  horizon. 

The  stars,  whose  daily  motions  we  have  just  been  de- 
scribing are  called  Jixed  stars,  because  they  keep  the  same 
relative  position  day  after  day  and  year  after  year.  Other 
heavenly  bodies  that  appear  like  stars  to  the  naked  eye,  besides 
rising  and  setting,  move  among  the  fixed  stars  with  a  slow 
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erratic  motion,  and  are  hence  called  planets  (Gr.  planetes,  a 
wanderer). 

292.  Angular  Measurement. — Euclid  gives  the  following 
definition  of  a  right  angle  :  '  When  a  straight  line  standing  on 
another  straight  line  makes  the  adjacent  angles  equal  to  one 
another,  each  of  the  angles  is  called  a  right  angle,  and  the 
straight  line  which  stands  on  the  other  is  called  a  perpen- 
dicular to  it.'  Notice  that  'perpendicular"  does  not  always 
mean  upright,  but  making  equal  angles  on  both  or  all  sides. 
We  find  it  convenient  for  the  purposes  of  angular  measurement 
to  divide  the  right  angle  into  smaller  parts.  Each  right  angle 
is  accordingly  divided  into  90  equal  parts,  and  each  of  these 
parts  is  called  a  degree.  Each  degree  is  again  divided  into  60 
equal  parts,  one  of  these  parts  being  termed  a  minute  ;  and  if 
a  minute  be  subdivided  into  60  equal  parts,  each  of  these  parts 
is  termed  a  second.  Symbols  are  used  to  denote  these  terms : 
thus  28°  19'  47"  signifies  28  degrees  19  minutes  47  seconds. 

(Do  not  confuse  these  with  minutes 
and  seconds  of  time.)  There  are  four 
right  angles  in  every  complete  circle ; 
and  so  for  the  convenience  of  mea- 
suring angles  we  can  divide  the 
circumference  of  a  circle  into  360 
divisions,  each  of  which  is  called  a 
degree.  Such  a  divided  circle  is 
called  a  graduated  circle,  and  the 
angle  whose  measurement  is  so  many  degrees  is  the  angle 
included  between  two  straight  lines  drawn  from  the  centre  of 
the  circle  to  the  two  marks  on  the  circumference  which 
include  the  proper  number  of  divisions  or  degrees. 

It  should  be  noted  that  a  degree  is  an  angle,  and  not  an  arc  of  a  circle, 
though  the  arcs  on  a  divided  circle  are  often  taken  as  the  measure  of  the 
number  of  degrees.  For  it  is  shown  in  geometry  that  the  angles  at  the 
centre  of  a  circle  are  proportional  to  the  arcs  on  which  they  stand,  and  so 
there  are  no  more  degrees  in  the  greatest  circle  than  in  the  least.  Two 
concentric  arcs  count  as  many  degrees  in  the  one  as  in  the  other  when 
they  subtend  the  same  angle  at  the  centre.  A  degree,  then,  may  be 
subtended  by  an  arc  of  any  length,  but  the  arc  is  always  the  360th  part 
of  a  circle.  For  astronomical  purposes  the  divisions  are  made  to  a  much 
greater  extent  than  on  an  ordinary  graduated  circle.  An  instrument  called 
a  meridian  circle  may  have  its  consecutive  divisions  only  2'  (two  mmutes) 


Fig.  147. — Graduated  Circle. 
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Fig.  14 


— Concentric  Graduated  Circles.  The  two 
outer  ones  divided  into  degrees. 


apart,  so  that  the  circumference  then  contains  360  X  30  =  10,800  divisions. 
The  divisions  are  then  read  by  means  of  verniers  and  microscopes.  Other 
mechanical  contrivances, 
which  will  afterwards  be 
explained,  enable  astro- 
nomers '  to  read  off,'  as  it 
is  called,  to  even  the  tenth 
part  of  a  second. 

293.  The  Use  of 
Angular  Measure- 
ment in  Astronomy. 

— Altitude  and  Azi- 
muth.— Angular  mea- 
surement is  a  very 
convenient  method  of 
indicating  the  posi- 
tion of  the  heavenly 
bodies.  The  position 
of  a  star  may  be  fixed, 
for  example,  by  refer- 
ring it  to  certain  im- 
aginary  great  circles  of  the  heavens,  and  we  may  measure  its 
position  by  arcs  perpendicular  to  such  great  circles. 

(a)  First  Method  of  defining  the  Position  of  a  Heavenly  Body. — In  this 
method  the  objects  are  referred  to  the  horizon  as  the  fundamental  plane, 
and  in  the  northern  hemisphere  the  south  point  of  the  horizon  is  the 
point  of  origin.  Let  us  draw  a  diagram  to  represent  the  visible  portion 
of  the  celestial  sphere.  We  can  do  this  by  describing  a  semicircle  to 
represent  the  observer's  meridian.  A  great  circle  (seen  obliquely  as  an 
ellipse)  joining  the  ends  of  this  semicircle  will  represent  the  horizon.  A 
point  vertically  over  the  observer's  head  will  represent  the  zenith.  A 
point  measured  off  from  the  north  point  of  the  horizon  by  a  distance 
equal  to  the  latitude  of  the  spectator  will  mark  the  position  of  the  north 
pole  of  the  heavens  (fig.  149). 

Vertical  circles  are  great  circles  which  pass  through  the  zenith  and 
nadir,  and  are  perpendicular  to  the  horizon. 

Parallels  of  altitude  zxq  small  circles  parallel  to  the  horizon. 

The  prime  vertical  is  the  vertical  circle  that  passes  through  the  east  and 
west  points  of  the  horizon. 

The  celestial  meridian  is  the  great  circle  passing  through  the  zenith 
and  the  poles  of  the  celestial  sphere.  Its  intersection  with  the  horizon 
marks  the  north  and  south  points  of  the  horizon,  and  its  plane  is  perpen- 
dicular to  the  plane  of  the  prime  vertical. 

The  altitude  of  a  heavenly  body  is  its  elevation  above  the  horizon 
measured  on  the  arc  of  the  vertical  circle  passing  through  the  body.  It 
may  also  be  measured  by  the  angle  which  this  arc  subtends  at  the  centre 
of  the  horizon.    (See  fig.  149.) 
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As  a  star  approaches  the  meridian  its  zenith  di<;tan^A         ■  u     '  j 
a  star  attains  its  greatest  altitude       the  rn^ ddiaf  S^Tt'Tf 'V".'^ 
cuknmate.    When  a  star  has  reached  the  mrdfan  o'nlt^f  of '  ts  visib  2 
path  IS  accomplished,  and  the  passage  of  a  heavenly  bodv  ntX  7v, 
meridian  is  called  its  transit.    A  circumuolar  stTr         on.  I  "^^r  the 

lhe  a«//.ofa  bodyis  the  arc  of  the  horizon  intercepted  between 
S^n'°"wi.PT!i°^  ^he  foot  of  the  vertical  Circle  pSn^ 

through  the  body  It  is  measured  by  the  number  of  deg  eerin  fhe  arc 
vL-tt'nl  ^"'^--^^P^fd  between  the  south  point  and?he  foot  of  the 

veitical  circle  passing  through  the  object.    In  the  figure  the  star  R  haS 


Fig.  149 — The  Horizon  and  Vertical  Circles, 
O,  the  observer's  position. 
Z,  the  zenith.    P,  the  pole. 
S  E  N  W,  the  horizon. 
S  Z  P  N,  the  meridian. 
E  Z  W,  the  prime  vertical. 
M  Z,  I  Z,  F  Z,  arcs  of  other  vertical  circles 
R,  a  star's  position. 


R  T,  a  parallel  of  altitude. 
Z  R  M,  arc  of  star's  vertical  circle, 
^"•c  S  M,  or  angle  S  Z  M,  star's  azimuth. 
Arc  M  R,  or  angle  subtended  by  it  at  O. 

star  s  altitude. 
Arc  R  Z,  star's  zenith  distance. 


an  altitude  of  about  55°  and  an  azimuth  45°  E.  of  south.  (Sometimes 
azimuth  IS  reckoned  from  the  south  through  the  west.  In  this  case  the 
azimuth  of  R  would  be  315°  )  Other  stars  may  be  marked  on  the  figure, 
and  their  altitude  as  well  as  their  azimuth  or  'bearing'  estimated  Stars 
have  the  same  altitude  if  on  the  same  parallel  of  altitude,  and  the  same 
azimuth  if  on  the  same  vertical  circle.  Thus  all  stars  on  the  parallel 
ot  altitude  ART  are  at  the  same  height  above  the  horizon,  and  all  stars 
on  the  vertical  arc  Z  M  have  the  same  azimuth.  A  star  on  the  vertical 
arc  Z  W  two-thirds  above  the  horizon  would  have  an  altitude  of  60°  and 
an  azimuth  of  270°  measured  eastward  from  the  south. 

_  The  amplitude  of  a  heavenly  body  is  the  angular  distance  of  its  rising 
point  from  the  east  and  of  its  setting  point  from  the  west,  measured  along 
the  horizon,  or  measured  by  the  angle  which  this  arc  subtends  at  the 
observer's  position  in  the  centre  of  the  horizon.  The  amplitude  of  the 
fi.xed  stars  remains  the  same  throughout  the  year,  but  the  sun's  amplitude 
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varies  during  the  year.  It  is  nothing  at  the  equinoxes,  and  about  40° 
at  the  solstices  for  our  latitude.  Most  of  the  foregoing  definitions  are 
illustrated  by  the  figure.  c  •  a- 

Altitude  and  azimuth  are  not  often  the  most  suitable  ways  ot  indi- 
cating the  position  of  a  heavenly  body,  for  two  reasons  :  first,  because  the 
horizon  changes  as  we  change  our  position  on  the  earth  s  surface,  or,  in 
other  words,  the  '  sphere  of  observation '  varies  with  change  of  place ; 
secondly,  the  position  of  a  star  or  other  heavenly  body  with  reference  to 
the  horizon  is  continually  changing  at  the  same  place  owing  to  the 
apparent  rotation  of  the  celestial  sphere  around  the  horizon.  In  reality 
it  is  the  daily  rotation  of  the  earth  on  its  axis  which  causes  the  horizon 
to  revolve  and  uncover  the  fixed  stars  and  the  imaginary  circles  of  the 
celestial  sphere,  though  it  is  often  more  simple  and  convenient  to  describe 
the  phenomena  as  if  the  celestial  sphere  were  rotating  and  the  horizon 

"^^(b)  Second  MetJwd  of  defining  the  Position  of  a  Heavenly  Body.— 
Declination  and  Right  Ascension.— referring  the  places  of  the  heavenly 


Fig.  150. 

E  Q  W,  equator.  Arc  S  D,  dechnation. 

S  Z  P  N,  meridian.  Arc  X  D,  right  ascension. 

S  E  N  W,  horizon.  Arc  S  P,  north  polar  distance. 

bodies  to  the  celestial  equator  as  the  fundamental  plane  instead  of  the 
horizon,  we  obtain  elements  independent  of  the  observer's  position,  and, 
as  far  as  the  fixed  stars  are  concerned,  independent  of  the  time  (except  a 
very  small  change  to  be  explained  hereafter). 

The  celestial  poles  are  the  points  where  the  earth's  axis  of  rotation, 
prolonged  indefinitely,  would  meet  the  celestial  sphere.  Any  line  from 
a  point  on  the  earth  at  any  part  of  its  orbit,  parallel  to  this  axis,  vanishes 
at  the  same  points  at  the  infinite  distance  of  this  sphere.  The  celestial 
equa'or  or  equinoctial  is  the  great  circle  of  the  celestial  sphere  90°  from 
each  celestial  pole.  It  may  also  be  regarded  as  the  great  circle  in  which 
the  plane  of  the  earth's  equator  cuts  the  celestial  sphere.  At  its  highest 
point  it  is  just  as  far  below  the  zenith  as  the  pole  is  above  the  horizon,  and 
it  cuts  the  horizon  at  the  east  and  west  points. 

The  decliytation  of  a  heavenly  body  is  its  distance  from  the  equator 


232 


Elementary  Physiography 


measured  on  the  arc  of  a  great  circle  passing  through  the  body  and  the 
south  of  it^  "beckoned  positive  (  +  )  north  of  the  equator,  and  negative  (-) 

The/o/rtr  distance  of  a  star  is  the  angular  distance  of  the  star  from  the 
jDole  measured  on  the  arc  of  a  great  circle  passing  from  the  pole  through 
the  star.    Decimation  +  polar  distance  =  90". 

The  right  ascension  of  a  star  is  the  arc  of  the  equator  intercepted 
between  the  pomt  where  a  perpendicular  from  the  star  meets  the  equator 
and  the  pomt  called  the  first  point  of  Aries.  In  other  words  nVA/ 
ascension  is  the  angular  distance  from  the  first  point  of  Aries  The  first 
point  of  Aries  may  here  be  regarded  as  the  fixed  point  on  the  equator 
where  the  sun  s  path,  called  the  ecliptic,  meets  the  equator  in  spring 
The  opposite  point  is  called  the  first  point  of  Libra. 

The  declination  and  right  ascension  of  a  star,  unlike  the  altitude  and 
azimuth,  remain  the  same  during  the  daily  rotation  of  the  heavens.  Right 


Fig.  151. 


observer. 
A  B  C  D,  ecliptic. 
A  E  C  E,  equator. 
K,  pole  of  ecliptic. 
P,  pole  of  equator. 
A,  first  point  of  Aries. 
C,  first  point  of  Libra. 


e,  position  of  a  star. 
A  a,  right  ascension  of  star. 
e  a,  declination  of  star. 
A     longitude  of  star. 
b  e,  latitude  of  star. 

Angle  B  A  E,  obliquity  of  ecliptic,  or 
its  inclination  to  the  equator. 


ascension  is  always  measured  eastward  all  round  the  equator  from  0°  to 
360°.  Fig.  150  shows  how  to  indicate  the  declination  and  right  ascension 
of  a  star.  The  point  Q  is  found  by  measuring  90°  from  P,  and  the  half 
of  the  celestial  equator  above  the  horizon  meets  the  horizon  at  the  east 
and  west  points.  A  point  X  is  taken  to  indicate  the  first  point  of  Aries. 
The  number  of  degrees  in  the  arc  SD  perpendicular  to  the  equator 
measures  the  declination  of  the  star  S,  and  the  arc  X  D  measures  the 
right  ascension  of  the  star.  If  the  reader  will  draw  a  quadrant  from  Z 
through  S,  it  will  meet  the  horizon  perpendicularly,  and  he  will  be  able  to 
see  the  altitude  and  azimuth  of  the  star. 

Third  Method  of  defining  the  Position  of  a  Heavenly  Body. — 
Celestial  Latitude  and  Longittde. — This  is  the  method  often  used  in 
referring  to  the  position  of  the  planets.  The  student  will  have  noticed 
already  that  the  terms  '  declination '  and  '  right  ascension  '  correspond  to  the 
terms  '  latitude  '  and  '  longitude  '  used  in  speaking  of  the  position  of  places 
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on  the  earth's  surface,  as  in  both  cases  the  equator  of  the  sphere  in  question 
is  the  primitive  circle  by  which  the  above  elements  are  measured  But 
in  speaking  of  celestial  latitude  and  longitude  it  must  be  carefully  noted 
that  the  ecliptic  is  the  circle  of  origin.  .     ,    ,    r  „^i;,.f;^ 

Celestial  latitude  is  the  angular  distance  of  a  body  from  the  eclip  c 
measured  on  the  arc  of  the  great  circle  passing  through  the  body  and  the 
pole  of  the  ecliptic.  ,  ^,  ,  ■  „^ 

Celestial  longittcde  is  the  arc  of  the  ecliptic  between  the  vernal  equinox 
and  the  circle  of  celestial  latitude  passing  through  the  place  ot  the 
heavenly  body.  It  is  always  measured  eastward  through  a  whole  circum- 
ference of  ^60°.  .,,  ,     1   ,.1  J 

By  help  of  fig.  151,  the  meaning  of  these  terms  will  be  better  under- 
stood, but  the  reader  must  notice  that  the  figure  is  drawn  for  an  observer 
at  the  pole,  where  the  equator  would  also  represent  his  horizon. 

The  three  systems  of  great  circles,  with  the  co-ordinates  by  which  the 
position  of  the  heavenly  bodies  are  defined,  may  be  thus  briefly  sum- 
marised : — 

With  regard  to  the  horizon,  or  the  plane  perpendicular  to  a  plumb-line— 
Altitude  =  distance  from  the  plane  of  the  horizon. 
Azimuth  =  distance  from  the  south  point  of  the  horizon. 
With  regard  to  the  plane  of  (lie  equator  or  plane  of  earth's  rotation— 
Dechnation        =  distance  north  or  south  of  the  equatorial  plane. 
Right  Ascension  =  distance  from  the  first  point  of  Aries. 
With  regard  to  the  plane  of  the  ecliptic  or  plafte  of  earth's  revolutiofi- 
Latitude    =  distance  north  or  south  of  the  plane  of  the  ecliptic. 
Longitude  =  distance  from  the  first  point  of  Aries. 
In  all  these  cases  distance  means  angular  distance,  or  distance  measured 
in  degrees  on  the  arc  of  a  great  circle. 

294.  Measurement  of  Time.— Round  the  equator  of  the 
earth,  which  is  a  circle,  there  are  360  degrees.  We  shall  find 
later  on  that  the  earth  rotates  so  that  the  sun  reaches  its 
highest  point  in  the  heavens  once  every  day  for  each  place 
on  the  earth's  surface.  When  the  sun  is  at  this  highest  point 
it  is  noon,  and  the  period  of  time  from  one  noon  to  the  next 
noon  is  called  a  '  solar  day.'  Now,  the  length  of  time  from 
noon  to  noon  is  not  always  the  same,  varying  a  little  at 
different  parts  of  the  year.  But  we  can  take  the  average  of 
these  different  days,  and  we  call  that  average  the  mean  solar 
day.    It  is  used  as  the  unit  in  all  ordinary  civil  reckoning. 

We  divide  the  day  into  24  hours,  and  each  hour  into  60 
minutes,  and  each  minute  into  60  seconds.  Now,  the  earth 
turns  round  completely,  i.e.  through  360  degrees,  in  24  hours, 
or  through  i  degree  in  4  minutes. 

Of  course,  we  do  not  actually  measure  the  flight  of  time 
by  the  rotation  of  the  earth,  though  we  see  how  our  unit  of 
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time,  viz.  the  day,  comes  to  depend  on  this  rotation.  We 
measure  it  by  means  of  a  clock,  the  pointers  of  which  indicate 
the  hours  of  the  day,  and  which  is  so  regulated  that  an  hour 
marked  by  it  is  a  twenty-fourth  part  of  the  mean  solar  day. 

A  clock  consists  of  a  means  for  counting  the  number  of 
swings  or  oscillations  of  a  pendulum,  and  an  arrangement  for 
keeping  up  those  oscillations.  It  serves  as  a  means  of 
measuring  a  mean  solar  day  and  its  divisions. 

The  pendulum  consists  of  a  heavy  weight  C,  attached  by 
a  string  or  wire  to  a  fixed  point  B.  The  wire  hangs  motionless 

in  a  vertical  line  until  the  weight  is 
pulled  out  to  A ;  on  releasing  it,  it 
will  swing  past  its  former  position  to 
A',  and  back  again.    The  arc  of  the 
swing  will  gradually  diminish,  owing 
\         to  the  resistance  of  the  air,  unless 
\        some  means  are  taken  to  give  the 
\      pendulum  additional  pushes  at  in- 
j  tervals. 
c  The  important  principles  of  the 

Fig.  152,— Pendulum.       pendulum  are — 

(1)  The  time  of  oscillation  is  the  same  with  the  same 
length  of  wire,  even  when  the  arc  of  the  swing  is  made  to 
vary  in  length. 

(2)  The  time  of  oscillation  is  the  same  with  the  same 
length  of  wire,  whatever  weight  be  attached. 

(3)  The  time  of  oscillation  only  depends  on  the  length 
of  the  wire ;  the  longer  the  wire  is,  the  longer  is  the  time  of 
oscillation.  It  is  found  that  a  pendulum,  the  length  of  which 
is  39' 14  inches  from  the  point  of  suspension  to  the  middle 
of  the  weight,  or  '  bob,'  will  swing  from  left  to  right  in  one 
mean  solar  second,  and  back  again  from  right  to  left  in 
another  second. 

The  pendulum  thus  serves  as  an  accurate  method  of 
measuring  time.  For  convenience  the  oscillations  of  a  pen- 
dulum are  made  to  regulate  the  movements  of  the  wheels  and 
pointers  of  a  clock.  The  clock  consists  of  a  series  of  cog- 
wheels and  two  pointers,  which  are  made  to  move  round  by 
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the  descent  of  a  heavy  weight.  The  pendulum  locks  one  of 
these  wheels  at  each  oscillation,  and  prevents  them  movmg 
too  fast.  At  the  same  time  this  wheel  gives  the  pendulum 
those  small  pushes  which  we  said  were  necessary  to  keep  up 
its  oscillations.  Thus  there  is  a  compensation  :  the  pendulum 
keeps  the  wheels  and  weights  moving  uniformly,  and  the 
weight  keeps  up  the  oscillations  of  the  pendulum.  The  series 
of  cog-wheels  and  the  two  pointers  are  only  a  convenient  way 
of  indicating  the  number  of  oscillations,  and  thus  showmg  the 

flight  of  time.  _  .  ^ 

The  annexed  figure  and  description  from  Ganot's  '  Physics 
will  assist  the  pupil  to  understand  the  above  remarks. 

•The  manner  of  employing  the  pendulum  is  shown  in  fig.  153.  The 
pendulum  rod,  passing  between  the  prongs  of  a  fork  a,  communicates  its 
motion  to  a  rod  b,  which  oscillates  on  a  horizontal 
axis  0.    To  this  axis  is  fixed  a  piece  m  n,  called  an 

escapemejit  or  ci-utch,  terminated  by  two  projections 

or  pallets,  which  work  alternately  with  the  teeth  of 

the  escapement  wheel  R.    This  wheel  being  acted  on 

by  the  weight  tends  to  move  continuously,  let  us  say, 

in  the  direction  indicated  by  the  arrow-head.  Now, 

if  the  pendulum  is  at  rest,  the  wheel  is  held  at  rest 

by  the  pallet  m,  and  with  it  the  whole  of  the  clock- 
work and  the  weight.    If,  however,  the  pendulum 

moves  and  takes  the  position  shown  bj  the  dotted 

line,  7/1  is  raised,  the  wheel  escapes  from  the  confine- 
ment in  which  it  was  held  by  the  pallet,  the  weight 

descends,  and  causes  the  wheel  to  turn  until  its 

motion  is  arrested  by  the  other  pallet  n  ;  which,  in 

consequence  of  the  motion  of  the  pendulum,  will  be 

brought  into  contact  with  another  tooth  of  the 

escapement  wheel.    In  this  manner  the  descent  of 

the  weight  is  alternately  permitted  and  arrested,  or, 

in  a  word,  regulated  by  the  pendulum.    By  means 

of  a  proper  train  of  wheelwork,  the  motion  of  the 

escapement  is  communicated  to  the  hands  of  the 

clock  ;  consequently  their  motion  also  is  regulated 

by  the  pendulum.' 

In  some  clocks,  and  in  watches,  a  spring  called 

the  main-spring  replaces  the  weight,  and  a  con- 
trivance called  the  balance-wheel  replaces  the  pen- 
dulum. 

295.  The  Sundial. — There  is  another  method  of 
measuring  time  sometimes  used — that  by  means  of  a 
sundial.  The  essential  part  of  a  sundial  is  a  rod  on 
the  edge  of  a  piece  of  metal  called  a  style,  which 
is  placed  parallel  to  the  earth's  axis,  and  casts  a 
shadow  on  the  plate  called  the  dial.  The  plate  is  marked  out  with  the 
different  hours  of  the  day,  and  the  shadow  of  the  style  cast  by  the  sun 


Fig.  153. 
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passing  over  it,  as  the  sun  moves  through  the  skv  inHir^f^e  fi,.  r 
day.    As  the  sun  rises  in  the  east,  the  fhadow        fo  .  ,7the 

morning  progresses,  the  sun  moves  to  the  south  and  ihl  ci,  ^  '  f  1 
north  I  till  at  noon  it  is  due  north,  and  o^  th^'ma^inS  eating  XI  °  'fn' 
the  afternoon  the  shadow  passes  eastM^ard.    The  fifrnrp  rf,„  t rrX"  u 
u.ual  form  of-a  horizontal  s'„„dia..    This  indL.io^ o?u'm'^a,'?e|,e^dTgt 


Fig.  154.— Vertical  Sundial, 
facing  south. 


F iG.  155.— Horizontal  Sundial,  with  shadow  of 
style  indicating  10.15  a-ni. 

the  motion  of  the  sun,  will  not  necessarily  agree  with  the  indication  by  a 
clock ;  for  we  have  pointed  out  that  the  true  solar  day,  or  length  of  time 
Ironi  noon  to  noon  by  the  sun,  is  not  of  constant  length  at  all  periods 
ot  the  year.  In  fact,  the  sundial  indicates  '  true  solar  time,'  the  clock 
indicates 'mean  solar  time.' 

296.  Size  and  Shape  of  the  Earth.— Before  discussing  tfie 
movements  of  the  earth,  it  will  be  well  to  consider  the  size  and 
shape  of  the  earth.  The  earth  is  a  sphere,  or  very  nearly  so. 
That  it  is  not  flat  is  shown  by  watching  a  ship  on  the  surface 
of  the  sea,  which,  in  sailing  away  from  the  land,  disappears 


Fig.  156. 

as  it  were  behind  a  hill  of  water,  first  the  hull  sinking  out  of 
sight,  then  the  sails,  and  lastly  the  very  tops  of  the  masts.  A 

'  In  the  Southern  Hemisphere  south  and  north  must  here  be  inter- 
changed. 
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farther  proof  that  it  is  not  flat  is  shown  by  arranging  three 
posts  along  a  level  piece  of  water.  The  three  posts  A,  B,  C, 
are  of  the  same  height  above  the  surface  of  the  water.  On 


Fig  i-.n  -  Showing  how  the  roundness  of  the  earth  can  be  proved  by  means  of  three 
boats  on  a  large  sheet  of  water. 

looking  with  a  telescope  so  as  to  see  the  tops  of  the  posts 
A  and  C,  the  top  of  the  post  B  will  be  above  the  line  of  sight. 

The  rise  of  what  we  call  a  great  plain,  like  the  level  sea, 
between  two  observers,  or  the  depression  of  the  surface  of 
the  sea  from  any  point,  is  8  inches  in  one  mile,  8  X  2^  in  two 
miles,  8  X  3'  in  three  miles,  and  so  on  for  a  great  distance ; 
i.e.  the  depression  is  equal  to  8  inches  multiplied  by  the 
square  of  the  number  of  miles.  This  can  only  be  true  on  a 
globe  of  a  certain  size. 

That  the  earth  is  a  sphere  is  proved  by  the  fact  that  the 
horizon,  which  includes  the  whole  of  the  earth  visible  at  any 
one  spot,  is  always  a  circle  wherever  the  observer  may  be, 
and  this  circle  grows  larger  the  higher  from  the  ground  the 
observer  may  be.  A  sphere  is  the  only  surface  which  has  this 
property.  [This  horizon  seen  from  some  points  may  be 
broken  by  mountains,  and  hence  not  be  a  circle,  but  at  all 
spots  surrounded  by  level  ground,  or  by  the  sea,  it  is  a  circle.] 
Furthermore,  the  shadow  of  the  earth  cast  by  the  sun  on 
the  moon  in  an  eclipse  is  always  round,  and  again  a  sphere  is 
the  only  body  which  has  such  a  property. 

The  fact  that  the  earth  has  often  been  circumnavigated  in 
various  directions  also  proves  that  the  earth  is  round,  and 
proves  also  that  the  earth  is  of  limited  size. 

As  before  remarked,  however,  it  is  not  quite  a  perfect  sphere,  but  an 
ellipsoid  or  oblate  spheroid,  being  somewhat  flattened  about  the  poles  and 
having  a  bulging  about  the  equator  (see  par,  263).  This  is  proved  by 
finding  that  the  length  of  a  degree  on  a  meridian  circle  of  the  earth  near 
the  pole  is  a  little  longer  than  the  length  of  a  degree  on  the  same  meridian 
near  the  equator.  It  must  therefore  be  part  of  a  greater  circle  than  the 
degree  near  the  equator,  for  the  larger  the  circle  the  longer  is  part 
of  it  and  the  flatter  is  its  curve.  Further,  the  increase  of  the  force  of 
gravitation  near  the  poles  beyond  that  due  to  the  decrease  of  centrifugal 
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force  there  (par.  i8)  shows  that  the  earth  is  slightly  flattened  at  the 

Fig.  158  illustrates  the  shape  of  the  earth,  and  shows  that  the  earth's 
surface  js  less  curved  near  the  poles  than  at  the  equator.    A  B  suSends 

the  same  number  of  degrees  as  a 
but  it  is  plainly  an  arc  of  a  larger 
circle  whose  centre  is  at  a  greater 
distance.  The  length  of  A  B  is 
therefore  greater  than  the  length  of 
ab. 


A  degree  of  latitude  near  the 
poles  is  about  69-4  miles,  and  a 
degree  near  the  equator  is  about 
687  miles,  so  that  an  observer  must 
pass  over  these  different  distances 

  south  or  north  at  these  positions  to 

SP  produce  a  difference  of  one  degree 

Fig.  i58.-Showing  that  the  Earth  is       Ju       ^1^'*"^^  of  the  pole  star.  If 
flattened  at  the  Poles.  ^zxKh.  were  a  true  sphere,  the 

would  be  the  sa,„e.   Degrees  of  /..JSgM^  JSi"  S  J^ente 

Having  found  by  measurement  the  actual  length  of  a  degree  on  the 
earth  to  be  about  69  miles,  we  find  the  earth's  circumference  to  be 

Sli       ^  f '^4°  f'''-  ..^^^^'^'"S  ^^'^  by  31.  we  find  [he  diameter 

to  be  about  8000  miles.    More  exactly,  the  polar  diameter  is  7899  6  miles 
and  the  equatorial  diameter  7926-6  miles— a  difference  of  27  miles 

297.  Terrestrial  latitude  and  longitude.-To  indicate  the  position  of 
any  one  spot  on  the  earth,  we  imagine  circles  drawn  over  it,  and  draw 
corresponding  circles  on  a  globe  which  represents  the  earth.    The  axis  of 
the  earth  is  the  imaginary  line  about  which  we  shall  find  that  the  earth 
seems  to  rotate.    The  points  where  this  axis  cuts  the  surface  are  called  the 
nori/i  and  soui/i  poles.    All  places  equally  distant  from  the  two  poles  are 
on  a  great  circle  called  the  equator.    Smaller  circles  drawn  on  the  elobe 
parallel  to  the  equator  are  C2\\&A  parallels  of  latitude  ;  and  these  are  drawn 
on  both  sides  of  the  equator,  being  smaller  the  nearer  they  are  to  the  poles 
They  are  drawn  at  equal  intervals,  and,  as  on  the  quadrant  of  a  circle  from 
the  equator  to  the  pole  there  are  90  degrees,  these  circles  are  marked  off  in 
degrees,  the  equator  being  0°,  the  next  circle  being  called  10°  north  latitude 
or  south  latitude,  as  the  case  may  be,  the  next  20°,  and  so  on  •  the  last 
circle  being  really  a  point  at  the  pole  itself,  90  degrees  from  the  equator 
Uf  course,  we  might  have  more  circles  than  are  here  indicated,  as  the 
intervals  might  be  i  degree  or  5  degrees  instead  of  10  degrees.    All  places 
on  the  same  parallel  circle  have  the  same  latitude. 

Other  circles  are  drawn,  all  of  the  same  size,  and  all  passing  throuc^h 
both  poles,  cutting  the  equator  and  all  parallels  of  latitude  at  right  angles 
The  intervals  between  these  circles  are  equal  at  the  equator,  and  are  also' 
equal  when  they  cut  the  parallels  of  latitude,  but  the  intervals  in  the  latter 
case  are  smaller  than  in  the  former,  as  the  equatorial  circle  is  larger  than 
any  of  the  other  circles  of  latitude.  These  new  circles  are  called  circles  of 
longitude,  or  meridians  (L.  meridies,  midday),  because  when  any  of  these  ' 
lines  is  opposite  to  the  sun,  it  is  midday  or  twelve  o'clock  at  all  places 
situated  on  that  meridian  on  the  same  side  of  the  globe,  and  midnight  on 
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the  opposite  side.  They  are  indicated  by  degrees  ;  and  as  there  are  360 
degrees  round  the  equator,  we  start  from  one  of  the  circles  of  longitude 
and  reckon  180  degrees  each  way,  that  is  eastward  and  westward,  till  we 
come  to  the  point  opposite  to  that  from  which  we  started. 

In  England  we  reckon  as  the  first  meridian,  or  0°,  the  circle  of  longi- 
tude which  passes  through  Greenwich,  and  count  the  longitude  eastward 
and  westward  from  that  starting-point.  In  other  countries  other  first 
meridians  are  sometimes  taken,  though  there  is  now  an  almost  general 
agreement  to  adopt  that  of  Greenwich.  If,  then,  we  are  given  the  latitude 
and  longitude  of  a  place  on  the  earth,  we  can  easily  indicate  its  position 
on  a  sphere. 

The  degrees  of  latitude  as  seen  on  many  maps  are  drawn  at  equal  inter- 
vals, though  this  is  not  absolutely  correct,  owing  to  the  slight  flattening  at 


Fig.  159. — Lines  of  Latitude  and  Longitude. 


the  poles.  Hence  a  degree  of  latitude  may  be  taken  as  equal  to  about  69 
miles ;  for  24,858  miles  (the  mean  circumference)  divided  by  360  is  equal 
to  69  nearly.  The  lines  of  longitude,  however,  vary  in  their  distance  from 
one  another,  approaching  towards  the  poles  where  they  meet  in  a  point. 
Hence  a  degree  of  longitude  is  about  69  miles  at  the  equator  only,  its  length 
becoming  less  and  less  as  we  get  nearer  the  poles.  Thus  at  London, 
N.  lat.,  a  degree  of  longitude  is  only  equal  to  about  42  miles. 

We  shall  presently  prove  that  the  phenomena  of  day  and  night  are  the 
result  of  the  rotation  of  the  earth  on  its  axis.  It  will  thus  be  plain  that 
places  not  in  the  same  longitude  will  not  have  their  noon  at  the  same  time. 
The  earth  turns  completely  round,  i.e.  through  360  degrees,  in  24  hours,  and 
therefore  through  15  degrees  in  i  hour,  or  through  i  degree  in  4  minutes. 
Hence  a  place  10  degrees  east  of  Greenwich  has  its  noon  40  minutes  before 
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Greenwich,  while  at  a  place  lo  degrees  west  of  Greenwich  it  is  ii  20  a  m 
when  It  IS  noon  at  Greenwich.  The  pupil  will  thus  see  how  to  find  ihe 
t.me  of  the  day  at  any  place  in  the  world,  '  local  time  '  as  it  is  caUed  corre- 
spondmg  to  any  particular  time  at  another  place,  having  given  thelonrntude 
o  the  two  places.  It  is  also  worthy  of  note,  that  as  thf  i^ean  c  ^cuSnce 
of  the  earth  IS  24,858  miles,  and  as  it  rotates  on  its  axis  once  in  eve?? 
twenty-four  hours,  every  place  on  the  equator  must  be  carried  round  at 
a  rate  of  more  than  a  thousand  miles  an  hour.  As  we  remove  from  the 
equator  the  circles  of  latitude  become  smaller,  and  their  rate  of  motion 
proportionally  less.  Thus  at  the  60th  parallel  the  rate  is  only  five  hundred 
miles  an  hour,  while  at  the  poles  the  motion  ceases  altogether 

298.  The  Zones  of  the  Earth.— Certain  parallels  of  latitude  divide  the 
earth  s  surface  into  five  natural  divisions  termed  zo7ies.    As  will  shortly  be 
North  Pole  explained,    the    position  of 

N  these  dividing   parallels  of 

latitude  is  fixed  by  the  ap- 
parent  yearly  movements  of 
the  sun  north  and  south  of 
the   celestial  equator  along 
the  ecliptic.    The  part  of  the 
earth  between  the  parallels  of 
23^°  north  and  south  of  the 
equator  (more  exactly  23°  27') 
is  called  the  Torrid  Zone, 
and  the  bounding  parallels 
are  the  Tropic  of  Cancer  on 
the  north  side,  and  the  Tropic 
of  Capricorn  on  the  south 
side.    The  parallel  of  66§^ 
north  latitude  is  called  the 
Arctic  Circle.    The  belt  of 
land  round  the  earth  between 
the  Tropic  of  Cancer  and  the 
Arctic  Circle  is  called  the 
North  Temperate  Zone.  The 
parallel  of  66|°  south  latitude 
belt  of  land  between  it  and  the 
The  regions  round  the 


Sotuh  Pole 


Fig.  160. — Illustrating  the  Zones  into  which  the 
Earth  is  divided. 
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called  the  Antarctic  Circle,  and  the  „v,.. 
Tropic  of  Capricorn  is  the  South  Temperate  Zone 

two  poles  bounded  by  the  arctic  and  antarctic  circles  respectively  are 
called  the  Frigid  Zones. 

299.  How  a  Day  is  lost  or  gained  in  going  round  the  World. — Travel- 
ling westwards,  or  towards  sunset,  causes  the  sun  to  set  later  and  to  rise 
later,  and  the  day,  as  measured  from  one  meridian  passage  of  the  sun  to 
another,  is  more  than  24  hours  long.  The  local  time  of  the  places  reached 
continually  gets  slower,  and  the  traveller  moves  the  hands  of  his  watch 
back  I  hour  for  every  15°  of  longitude  westward.  If  he  were  to  start  from 
Greenwich  and  proceed  westwards  round  the  earth  in  a  certain  number  of 
rotations  of  the  earth  he  would  see  one  less  than  this  number  of  noons,  and 
record  one  day  less ;  i.e.  he  would  have  made  «  —  i  turns  with  respect  to 
the  sun,  while  the  observer  who  remained  behind  had  made  n  turns. 
Hence  on  reaching  the  place  from  which  he  started,  he  appears  to  have 
*  lost  a  day,'  being  one  day  of  the  month  behind,  though  it  is  really  made 
up  of  the  hours  that  he  put  his  watch  back.  Similarly,  a  traveller  going 
round  the  world  eastward  finds  the  local  time  continually  getting  faster. 
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puts  his  watch  forward,  and  seems  on  his  return  to  have  '  gained  a  day.' 
In  order  to  keep  the  dates  right,  therefore,  mariners  going  westward  add 
on  a  day  when  crossing  the  meridian  i8o°  from  Greenwich,  and  drop  a  day 
when  crossing  the  same  meridian  going  eastward. 

300.  How  to  find  the  Meridian  of  Any  Place,  and  the 
Cardinal  Points. — The  meridian  of  any  place  is  the  line  pass- 
ing from  the  north  pole  to  the  south  pole  through  that  place, 
or  it  may  be  described  as  the  line  joining  the  north  and  south 
points  of  the  horizon.  This  line  may  be  found  in  several 
ways.  By  setting  up  a  vertical  rod  on  a  plane  surface  and 
finding  the  direction  of  the  sha- 
dow at  noon  when  it  is  shortest, 
we  shall  obtain  the  direction  of 
the  meridian  or  north-and-south 
line.  It  is  so  difficult  to  settle 
when  the  shadow  is  shortest,  that 
it  is  best  to  draw  one  or  more 
circles  round  the  rod  and  note  fig.  i6i.-Method  of  finding  the 
the  direction  of  the  shadow  when  Meridian, 
the  point  just  reaches  a  circle  before  noon,  and  when  it  just 
reaches  the  same  circle  after  noon.  The  line  bisecting  the 
angle  between  these  two  shadows  is  the  meridian  line.  We 
might  also  find  the  meridian  line  by  drawing  a  line  from  a 
fixed  point  to  the  rising  sun,  and  from  the  same  point  to  the 
setting  sun.  The  line  bisecting  this  angle  would  also  run 
north  and  south.  A  line  at  right  angles  to  the  meridian 
would  run  due  east  and  west,  and  thus  the  cardinal  points 
would  be  determined.  We  may  also  fix  the  meridian  by 
means  of  the  stars.  A  telescope  pointing  to  any  star  when 
at  its  greatest  altitude  above  the  horizon  or  at  the  moment 
of  transit,  would  be  pointing  along  the  meridian.^  A  telescope 
pointing  to  the  pole  star,  or  more  accurately  the  point  about 
which  it  appears  to  turn,  would  be  pointing  in  the  plane  of  the 
meridian,  and  the  north  point  of  the  horizon  is  vertically 
beneath  the  pole  in  north  latitude.    We  can  also  find  the 

'  A  more  accurate  result  will  be  obtained  if  a  star  be  observed  by  means 
of  a  suitable  telescope  when  it  is  at  the  same  altitude  east  and  west  of  the 
meridian,  for  the  mean  of  the  two  readings  of  the  azimuth  circle  will  give 
the  exact  direction  of  the  meridian. 
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geographical  meridian  by  means  of  a  mariner's  compass  if  we 
know  tlie  declination  or  variation  of  the  needle  at  the  place 
of  observation  (see  par.  290).  ^ 

301.  Apparent  Daily  Rotation  of  the  Heavenly  Bodies.— 
Our  earth  is  a  globe  situated  in  celestial  space  and  surrounded 
by  other  globes  at  various   distances  from  it.    We  have 
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Fig.  162.— Three  positions  of  the  Plough  (Great  Bear)  and  the  Pole  Star  in  their 
daily  revolution  round  the  Pole. 

already  mentioned  how  the  celestial  sphere  seems  to  rotate 
each  day,  causing  the  sun,  moon,  and  some  of  the  stars  to  rise 
and  set.  Thus  the  sun  rises  daily  above  the  eastern  part  of 
the  horizon,  ascends  slowly  to  its  highest  elevation,  and  then 
slowly  descends  along  the  same  arc  to  sink  in  the  west.  When 
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at  its  highest  point  it  is  noon,  and  the  centre  of  the  sun  is 
exactly  over  the  meridian  of  the  place  of  observation.  We  say, 
therefore,  that  the  sun  crosses  or  transits  the  meridian  when  at 
its  greatest  altitude  each  day.  It  is  evident  that  different  places 
on  the  earth's  surface  may  be  on  the  same  meridian  and  have 
their  noon  at  the  same  time,  but  it  can  never  be  noon  on 
two  meridians  at  the  same  time.    The  time  between  two  suc- 
cessive passages  of  the  sun  across  a  meridian  is  called  a  solar 
day,  and  is  equal  to  about  24  hours  of  clock  time.    We  say 
'  about '  24  hours  of  clock  time,  because,  as  will  shortly  be 
shown,  the  true  solar  day,  or  actual  interval  of  time  between 
two  meridian  passages  of  the  sun,  is  not  of  the  same  length  at 
all  parts  of  the  year,  and  it  is  the  average  of  the  different  solar 
days  in  a  year,  or  *  the  mean  solar  day,'  which  is  exactly 
24  hours  of  clock  time.    The  diurnal  paths  of  the  stars  have 
been  already  referred  to  (see  par.  291).    Looking  towards  the 
pole  star,  which  can  always  be  found  on  a  clear  night  by  the 
pointers  of  the  Great  Bear,  or  Plough,  as  its  seven  stars  are 
also  called,  we  find  the  stars  describing  daily  circles  of  various 
sizes  round  the  pole  of  the  heavens,  and  a  first  examination 
may  therefore  lead  us  to  suppose  that  the  various  celestial 
bodies  external  to  the  earth  perform  a  daily  revolution  from 
east  to  west  around  a  line  or  axis  terminating  at  the  pole  star, 
all  completing  their  revolution  in  the  same  time.    But  this  is 
really  not  the  case,  for  there  is  a  more  satisfactory  explanation. 
The  earth,  in  fact,  rotates  daily  on  an  axis,  carrying  with  it  the 
atmosphere  and  clouds,  which  are  indeed  a  part  of  it. 

302.  Rotation  of  the  Earth  on  its  Axis.— Let  us  con- 
sider what  happens  when  we  are  in  motion  in  a  railway  train, 
or  on  a  steamboat.  If  we  look  out  of  the  window,  the  trees, 
telegraph  poles,  and  all  bodies  external  to  the  train,  which  we 
know  to  be  stationary,  appear  to  be  in  rapid  motion  in  a 
direction  contrary  to  our  motion.  The  deception  is  greater  if 
the  train  or  steamboat  moves  very  smoothly,  without  any  jerks 
or  jolting.  Indeed,  with  a  very  smooth  motion  we  might 
think  that  we  are  stationary,  and  all  outside  objects  are 
moving  rapidly  past  us  ;  but  on  closer  investigation  we  should 
really  find  that  outside  objects  were  stationary,  while  we  were 
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moving  rapidly  in  an  opposite  direction  to  that  in  which  we 
thought  the  objects  were  moving.  ^ 

Now  let  us  apply  this,  on  a  larger  scale,  to  the  whole  earth 
and  bodies  external  to  it.  The  daily  motions  of  sun,  moon, 
and  stars  are  explainable  by  supposing  that  we  and  the  earth 
on  which  we  stand  are  stationary,  while  those  bodies  move  uni- 
formly round  us.  But  these  apparent  motions  are  equally  ex- 
plainable by  supposing  that  these  bodies  are  fixed  in  different 
positions  round  the  earth,  and  the  earth  rotates  round  in  a 
direction  opposite  to  that  in  which  they  seem  to  move,  i.e. 
the  earth  must  turn  from  west  to  east,  for  they  seem  to  move 
from  east  to  west.  This  rotation  of  the  earth  would  account 
for  the  rising  in  succession  of  the  sun,  moon,  and  the  different 
stars,  which  follow  one  another  to  the  west,  and  disappear, 
only  to  reappear  in  the  same  manner  on  the  succeeding  day. 
Everything  on  the  earth  moves  with  it,  and  moves  smoothly, 
and  thus  the  motion  is  not  evident  to  our  senses.  Are  we, 
then,  to  suppose  that  these  heavenly  bodies  move  round  the 
earth,  or  that  the  earth  rotating  itself  gives  them  an  apparent 
motion  ?  We  have  very  good  reasons  for  supposing  that  it  is 
the  earth  which  rotates,  and  thus  gives  us  the  daily  rising  and 
setting  of  these  external  bodies.    The  reasons  are — 

(i.)  All  of  these  bodies  are  very  distant  from  the  earth,  the  stars 
especially  being  very  far  distant,  so  that  they  would  have  to  move  at  an 
immensely  rapid  pace  to  get  round  the  earth  in  one  day,  as  they  seem  to 
do  ;  while  on  the  contrary,  it  would  be  at  a  comparatively  slow  pace 
that  the  earth  would  have  to  move  round  on  its  own  axis  so  as  to  make 
one  complete  turn  in  the  single  day.  The  external  bodies  are  then  con- 
sidered to  be  stationary.  It  seems  more  reasonable  that  the  earth  turns 
thus  slowly  than  that  they  move  at  such  an  immense  pace. 

(ii.)  All  these  external  bodies  appear  to  move  round  us  in  exactly  the 
same  time — one  day,  or  twenty-four  hours.  If  we  consider  how  they  are 
scattered  over  all  the  different  parts  of  the  heavens,  and  at  different 
distances  from  the  earth,  we  should  not  expect  all  to  move  round  us  in  the 
same  time,  unless  indeed  they  were  connected  by  some  means,  such  as  rods 
and  bars,  with  one  another.  We  see  no  signs  of  any  such  connections, 
however,  between  these  different  bodies.  If  we  suppose  that  the  earth 
rotates  whilst  they  are  stationary,  then  at  once  we  see  that  they  will  appear 
to  move  in  a  direction  opposite  to  that  in  which  the  earth  rotates,  and  that 
they  will  appear  to  follow  one  another  at  a  uniform  rate,  and  will  accom- 
plish the  journey  in  exactly  the  same  time,  viz.  one  day,  which  is  the  time 
the  earth  takes  to  perform  one  rotation,  so  that  there  is  no  need  of  any 
connecting  rod. 

(iii.)  We  find,  on  careful  measurement,  that  the  earth  is  not  exactly  a 
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sphere,  but  that  it  is  slightly  flattened  at  the  poles  and  bulges  somewhat 
at  the  equator.  Thus  a  straight  line  through  its  centre  from  pole  to  pole 
is  about  27  miles  shorter  than  a  straight  line  through  its  centre  at  right  angles 
to  the  first  straight  line.  Geologists  tell  us  that  the  earth  ^as  once  so 
and  plastic,  and  if  this  were  so,  it  has  been  calculated  that  a  rotation  about 
its  axis  would  have  caused  it  to  assume  the  shape  which  U  now  has.  1  hus 
a  rotation  of  the  earth  about  its  own  axis  will  explam  its  present  shape. 

^^^{ivTlf  welbserve  those  external  bodies  called  the  planets,  we  find,  by 
means  of  our  telescopes,  that  each  of  them  is  a  globe  revolving  around  its 
own  axis.  Hence  it  seems  very  probable  that  the  earth,  which  is  a  similar 
globe,  will  also  revolve  about  its  own  axis.  ,      ,  ,      -u  ^ 

The  above  are  only  reasons  for  believing  that  the  earth  rotates  about  its 
axis  but  there  are  other  evidences  which  amount  to  actual  proofs. 

1st  Frocf— The  top  of  a  tower  is  farther  from  the  centre  of  the  earth 
than  the  bottom  is,  and  hence  in  one  rotation  of  the  earth  moves  through 
a  greater  distance  than  the  bottom  does.  Thus 
in  fig.  136,  where  T  B  is  supposed  to  represent 
the  tower,  it  is  evident  that  in  a  revolution  the 
top  T  will  describe  a  larger  circle  than  the  base 
B,  and  so  travel  a  greater  distance.  Now,_  as 
the  top  completes  its  revolution  in  the  same  time 
as  the  bottom,  it  is  evident  that  it  must  move 
faster  than  the  bottom.  We  suppose  that  the 
earth  rotates  from  west  to  east,  and,  if  this  be  so, 
the  top  of  the  tower  moves  eastwards  faster  than 
the  bottom  does.  Thus  if  a  stone  be  dropped 
from  the  top  of  a  vertical  tower  it  starts  with 
an  eastward  velocity  greater  than  that  of  the 
bottom  of  the  tower,  and  as  in  its  fall  it  pre- 
serves its  greater  velocity  it  should  fall  a  little  to  the  east  of  the  bottom. 
This  experiment  was  performed  at  Hamburg  from  the  height  of  250  feet, 
and  the  deviation  was  found  to  be  -35  inch  to  the  east.  Hence  we  conclude 
that  there  must  be  a  revolution  of  the  earth  from  west  to  east.  Let  C  (fig. 
136)  be  the  centre  of  the  earth,  T  the  place  from  which  the  body  is  let  fall, 
T  B  the  vertical  line  in  direction  of  the  centre.  When  the  body  reaches 
the  earth,  let  t  bhe  the  position  of  the  vertical  line  in  consequence  of  the 
earth's  motion  in  the  interval.  Take  B  /=T  t,  and/ will  be  the  place  of 
the  body,  because  the  body,  leaving  the  top  of  the  vertical  with  a  motion 
equal  to  the  motion  of  the  top,  is,  at  the  end  of  its  fall,  as  far  from  the  first 
position  of  the  bottom  of  the  vertical  as  the  top  of  the  vertical  itself  is  from 
its  first  position.  But  B  d  is  less  than  T  t,  and  therefore  than  B/,  in  the 
proportion  of  C  B  to  C  T  ;  consequently  /  is  to  the  eastward  of  d.  This  is 
on  the  supposition  that  the  place  is  at  the  earth's  equator,  and  it  may  suffice 
for  an  illustration.' 


•  To  find  the  exact  time  of  the  earth's  axial  rotation,  we  only  require  to 
determine  the  length  of  the  sidereal  day  by  finding  the  interval  between 
two  successive  transits  of  the  same  star.  Astronomers  do  this  with  the  aid 
of  a  transit  telescope,  which  is  so  mounted  as  only  to  move  up  and  down 
in  the  meridian  of  the  place  where  it  is  used.  (See  par.  322.)  If  an  observer 
having  an  accurate  watch,  fix  two  strings  or  wires  vertically  at  a  short 
distance  apart,  and  then,  keeping  them  both  in  line  of  sight,  watch  the  same 
star  cross  them  on  two  successive  nights,  he  will  find  the  time  of  the  earth's 
rotation  to  be  about  23  hours  56  minutes. 
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2nd  Proof  — '^t  take  a  long  thread  ;  fixing  one  end  to  the  ceiling  of  a 
room  or  other  convenient  point  of  attachment,  and  fastening  a  heavy 

weight  to  the  other,  we  form  a  pendulum. 
The  string  remains  at  first  in  a  vertical 
direction.  Now  place  a  table  under  it  and 
draw  the  weight  towards  you,  and  then  let 
it  go,  so  that  it  swings  backwards  and  for- 
wards through  its  former  position.  Care 
has  to  be  taken  at  starting  not  to  pull  the 
weight  sideways,  or  it  will  not  swing  back 
through  its  former  position. 

On  the  table  mark  the  farthest  position 
to  which  the  weight  swings  at  each  end  of 
its  journey.  We  shall  find  that  our  marks 
on  the  table  are  slowly  and  regularly  going 
round  in  the  same  direction  as  the  hands 
of  a  watch.  Hence  the  table  must  be 
moving,  and  therefore  the  earth  is  also 
moving.  For  it  is  easier  for  the  thread 
or  wire  which  supports  the  pendulum  to 
twist  than  for  the  heavy  weight  to  alter  its 
course  of  swing. 

The  figure  shows  how  this  experiment 
may  be  carried  out.    B  is  the  point  of 
Fig.  164.  suspension  of  the  pendulum,  which  hangs 

vertically  over  the  point  where  the  two 
lines  U'V  cross  on  the  table.    The  pendulum  is  drawn  out  along 

the  line  m-n  to  the  point  A,  and  then  let  go,  swinging  backwards  along 
the  line  n-vi.  It  continues  its  oscillation  backwards  and  forwards, 
but  if  watched  it  will  be  found  that  the  direction  of  its  oscillation  is  slowly 
twisting  round  from  the  position  n-m  to  u-v — in  fact,  twisting  round  in  the 
direction  of  the  hands  of  a  watch  in  the  Northern  Flemisphere,  and  in  the 
opposite  direction  in  the  Southern  Hemisphere.  If  the  oscillation  is  kept 
up  long  enough,  the  plane  of  oscillation  will  make  a  complete  circle.  Now, 
it  can  be  proved  that  a  pendulum  having  a  free  motion  at  its  pivot,  when 
set  swinging,  keeps  its  direction  in  space,  whatever  change  of  position  its 
support  may  undergo.  Its  change  of  path  over  the  floor  or  table  above 
which  it  swings  must  therefore  be  due  to  the  rotation  of  the  earth  with  the 
objects  upon  it  beneath  the  pendulum.  The  fact  that  the  plane  of  oscilla- 
tion turns  towards  the  right  in  the  Northern  Hemisphere,  and  in  the 
reverse  direction  in  the  Southern,  shows  that  the  earth  rotates  from  west 
to  east.  This  experiment  was  first  performed  by  Foucault,  who  swung  a 
pendulum  from  the  dome  of  the  Pantheon  at  Paris  in  1851.  The  rate  of 
change  in  the  direction  of  the  plane  of  oscillation  of  a  swinging  pendulum 
decreases  from  the  pole  to  the  equator.  At  the  pole  it  amounts  to  a  com- 
plete circle  in  24  hours,  or  15°  in  one  hour  ;  at  London  it  is  a  httle  over 
11°  in  an  hour ;  at  Cairo  about  8°  ;  and  at  the  Equator  0°. 

yd  Proof. — A  gyroscope  consists  of  a  heavy  disk  which  has  an  axis 
passing  at  right  angles  through  its  centre,  and  by  a  mechanical  contrivance 
the  axis  can  easily  turn  in  all  directions.  The  figure  (fig.  166)  shows  one 
form  of  gyroscope.  A  B  is  the  heavy  disk  rotating  about  the  axis  C  D, 
the  axis  being  supported  by  a  rim  of  metal,  which  again  can  turn  round 
the  axis  E  F,  this  last  axis  being  supported  by  another  rim  of  metal,  which 
can  turn  round  as  it  hangs  by  the  string  H  G.    Therefore  the  axis  C  D  is 
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free  to  turn  in  all  directions.  The  disk  is  set  spinning  very  rapidly,  and 
will  continue  to  spin  for  a  long  time.  It  can  be'proved  that  the  axis  will 
always  point  in  one  direction  when  the  disk  so  spins.  Imagine,  then,  the 
disk  spinning,  and  the  axis  pointed  to  any  star.  If  the  star  moves  round 
the  earth  the  axis  will  soon  point  away  from  the  star,  and  will  keep  the  same 


Fig.  166. — Gyroscope. 

position  with  regard  to  the  bodies  on  the  earth.  But  if  the  star  is  motion- 
less, and  the  earth  rotates,  the  axis  will  still  point  to  the  star,  following  it, 
as  it  were,  and  thus,  of  course,  pointing  in  different  directions  with  regard  to 
surrounding  objects  on  the  earth.  We  find  the  latter  happens  ;  the  axis 
points  continually  to  the  star,  and  therefore  the  earth  rotates. 

4th  Proof. — The  easterly  direction  of  the  trade  winds  can  only  be 
explained  by  supposing  that  the  earth  rotates  from  west  to  east.  The 
currents  of  air  passing  towards  the  hotter  parts  of  the  earth  undergo,  in 
consequence  of  the  earth's  rotation,  a  deviation  towards  the  right  in  the 
Northern  Hemisphere,  and  towards  the  left  in  the  Southern,  so  that  winds 
from  the  north  become  north-east  winds,  and  winds  from  the  south  become 
south-east  winds.  A  deviation  in  certain  ocean  currents  is  also  explained 
by  the  earth's  rotation. 

We  have  thus  sufficiently  proved  that  the  earth  rotates  on  its  axis  once 
a  day,  and  that  this  diurnal  rotation  gives  us  the  daily  risings  and  settings 
of  the  sun,  moon,  and  stars — causing,  in  fact,  the  celestial  sphere  to 
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revolve  round  an  imaginary  axis,  vs^hich  is  the  axis  of  the  earth  produced 
to  the  sphere  of  the  heavens.  One  effect  of  this  daily  rotation  of  the  earth 
is  that  the  earth  wi*ll  evidently  turn  first  one  half  and  then  another  towards 
the  sun,  and  we  get  the  ever-recurring  phenomena  of  day  and  night.  We 
will  now,  however,  consider  more  particularly  this  rotation  as  far  as  it 
affects  the  motions  of  the  stars  at  different  distances  from  the  poles. 

303.  Daily  Appearances  of  the  Stars  in  Different  Latitudes.— Each 
place  on  the  earth  has  its  sphere  of  observation,  with  its  own  zenith  and 
horizon.  Imagine  an  observer  at 
the  north  pole  of  the  earth.  Then 
the  zenith  or  point  straight  over- 
head and  the  north  pole  of  the 
heavens  will  coincide,  and  the  true 
or  rational  horizon  will  coincide 
with  the  celestial  equator.  The 
heavens  will  appear  to  revolve  round 
the  zenith,  each  star  describing  a 
circle  parallel  to  the  horizon.  These 
parallel  circles  increase  in  size  as 
we  pass  from  the  pole  to  the 
equator.  No  star  on  this  'parallel 
sphere '  rises  higher  or  sinks  lower, 
and  an  object  upon  the  equator  will 
perform  its  diurnal  motion  round 
the  horizon.  One  half  of  the 
heavens  will  be  continuously  visible,  turning  round  once  each  day,  and 
the  other  half  below  the  horizon  will  never  be  visible. 

Let  us  consider  the  appearances  to  an  observer  on  the  equator  (fig.  168). 
C  is  the  observer ;  N  and  S  the  points  on  the  horizon  respectively  north 
and  south.  E  is  his  zenith.  The 
celestial  equator  is  the  circle  pass- 
ing through  E  Q,  being,  of  course, 
vertical  to  his  horizon,  and  per- 
pendicular to  N  S,  which  is 
parallel  to  the  earth's  axis.  The 
heavens  seem  to  revolve  about 
this  axis  N  S,  and  thus  stars  rise 
on  all  parts  of  the  eastern  hori- 
zon, describe  circles  parallel  to 
the  equator,  and  set  in  the  west. 
Every  star  rises  in  some  part  of 
the  day,  and  sets  twelve  hours 
later,  describing  a  semicircle 
above  the  horizon,  these  semi- 
circles getting  smaller  and  smaller 
the  farther  the  .star  is  to  the  north 
or  south. 


DARKNESS 


Fig.  167.— Parallel  Sphere,  with  Pole  at 
Zenith,  and  Celestial  Equator  for  Horizon. 


LIGHT 


DARKNESS 


Fig.  168.— Right  Sphere  :  Poles  on  Horizon. 


Let  us  now  consider  the  appearances  to  an  observer  who  is  between  the 
equator  and  the  north  pole  (fig.  169).  The  celestial  sphere  has  this  appear- 
ance. N  is  the  north  pole  ;  E  Q  the  circle  of  the  equator,  intersecting  the 
horizon  obliquely,  H  O  being  the  horizon.  The  heavens  appear  to  revolve 
about  an  axis  passing  through  the  centre  of  the  sphere  and  through  N, 
this  being  at  right  angles  to  the  equator.  All  stars  appear  to  describe 
circles,  like  d  D,  parallel  to  the  equator.   It  will  be  noticed  that  the  stars  to 
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Fig.  169— Oblique  Sphere  at  Mid- 
latitude. 


the  north  of  the  equator  are  above  the  horizon  for  the  ereatpr  n^rf  r.(  .v,  • 
path,  below  it  for  the  smaller  part.    On  the  southern'sTde  offfi  lat  "r 

the  reverse  is  the  case;  they  wiH  be 
above  It  for  the  smaller  part,  below 

'A  P^''^-    A  -^tar  above 

U  will  describe  a  path,  like  p /,  such 
that  It  is  never  below  the  horizon, 
thus  never  rising  nor  setting.  These 
stars  are  called  circumpolar  stars 
Stars  below  H  never  appear  above 
the  horizon,  and  so  are  never  seen 
The  greater  part  of  the  heavens  are 
visible  at  some  time  of  a  complete 
day,  the  parts  below  H  being  the  only 
parts  never  above  the  horizon.  These 
parts  are,  of  course,  just  equal  in  extent 
to  the  parts  above  O,  that  is,  the 
parts  in  which  are  the  circumpolar 
.   ..rr  stars  which  never  set.   We  eet  simikr 

appearances  at  different  positions  in  both  the  Northern  and  Southern 
Hemispheres,  the  only  difference  being  that  the  nearer  we  go  to  tie 
equator  the  lower  the  celestial  pole  is,  and  consequently  the  fewer  circum^ 
polar  stars  there  are,  and  the  fewer  stars  which  are  never  visible 

In  fact,  the  celestial  equator  is  inclined  to  the  horizon,  at  all  latitudes 
be  ween  the  equator  and  the  pole,  at  an  angle  equal  to  the  distance  of  the 
poles  froni  the  zenith.  Fig.  169  is  drawn  for  latitude  45°  N.,  and  146 
IS  drawn  for  the  latitude  of  London,  51^°  N.  ^ 
The  appearances  of  the  stars,  then,  owing  to  the  daily  rotation  of  the 
earth,  are  different  at  different  parts  of  the  earth. 

(1)  At  the  poles  stars  never  rise  or  set,  and  the  same  half  of  the 
heavens  is  continuously  visible. 

(2)  At  the  equator  all  stars  rise  and  set,  and  in  one  complete  day  the 
whole  heavens  have  been  visible.  ^ 

(3)  Between  the  poles  and  the  equator  we  have  stars  which  rise  and 
set,  circumpolar  stars  that  never  set,  and  stars  which  never  rise,  the  parts 
of  the  heavens  in  which  these  last  are  being  the  only  parts  never  visible 

I  he  number  of  circumpolar  stars,  and  of  those  that  never  rise,  increases 
as  we  take  positions  further  from  the  equator  towards  either  pole  of  the 
earth.  ' 

The  student  should  practise  drawing  a  diagram  of  the  celestial  sphere 
for  any  latitude,  and  then  indicate  upon  it  the  diurnal  path  of  stars  having 
a  given  declination  or  distance  from  the  equator.  To  do  this  draw  a 
complete  circle  to  represent  the  meridian  of  the  celestial  sphere  the 
observer  being  at  the  centre  of  this  sphere.  A  horizontal  great  circle 
(shown  as  a  flat  ellipse)  bisecting  the  meridian  will  represent  the  rational 
horizon.  The  horizon  meets  the  meridian  at  the  north  and  south  points 
and  divides  the  celestial  sphere  into  a  visible  half  and  an  invisible  half! 
The  zenith  will  be  90°  above  any  point  on  the  horizon,  that  is  90°  from 
the  north  or  south  points,  and  the  nadir  will  be  90°  below  the  horizon. 
Remembering  that  the  elevation  of  the  pole  is  equal  to  the  latitude  of  the 
place  of  observation,  find  a  point  as  many  degrees  above  the  north  point 
of  the  horizon  as  the  observer's  latitude,  and  this  will  give  the  north  pole 
of  the  heavens.  The  south  pole  of  the  heavens  will  be  just  as  far  below 
the  southern  point  of  the  horizon  as  the  north  pole  is  above  the  north 
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point  of  the  horizon.  To  obtain  the  celestial  equator,  draw  a  great  circle 
90°  from  the  poles,  dotting  the  half  on  the  west  side  of  the  horizon.  The 
points  where  the  celestial  equator  cuts  the  horizon  are  the  east  and  west 
points  (see  fig.  146).  To  draw  the  diurnal  path  of  a  star  whose  declina- 
tion is  30°  N.,  draw  a  circle  parallel  to  the  equator  at  this  distance  above 
the  equator,  and  the  required  path  is  obtained.  To  draw  the  diurnal 
path  of  a  star  with  declination  75°  N.,  we  require  a  parallel  circle  at  this 
distance  north  of  the  equator.  For  a  star  with  declination  60°  S.,  we 
require  a  circle  parallel  to  the  equator  at  this  distance  south  of  it.  Where 
the  diurnal  circles  of  the  stars  meet  the  horizon  indicates  their  rising  and 
setting  points.  The  angular  distance  of  the  rising  point  of  a  star  from 
the  east  gives  the  amplitude  of  the  rising  star,  while  the  distance  of  its 
setting  point  from  the  west  gives  the  amplitude  of  the  star  at  setting.  If 
a  star's  diurnal  circle  does  not  intersect  the  horizon,  it  is  the  diurnal  circle 
of  a  circumpolar  star  if  its  declination  is  north  ;  it  is  the  diurnal  circle  of 
a  star  that  is  never  seen  north  of  the  equator,  if  its  declination  is  south. 

Fig.  146  is  drawn  for  the  latitude  of  London,  51  J°  N.  M  M'  is  the 
celestial  equator,  and  a  star  or  other  heavenly  body  on  the  equator  has 
declination  0°.  It  rises  exactly  in  the  east,  and  sets  exactly  in  the  west. 
A  star  rising  at  e  between  the  east  and  north  has  a  declination,  the  arc 
M;//,  of  about  23^°,  and  is  carried  to  its  highest  point  at  m  on  the 
meridian,  and  then  descends  to  set  at  iv,  between  the  west  and  north. 
More  than  half  its  diurnal  circle  is  above  the  horizon.  The  stars  rising 
at  N  and  s  are  circumpolar  stars,  describing  the  whole  of  their  diurnal 
circles  above  the  horizon.  They  culminate  or  reach  their  highest  point 
on  the  meridian  at  N'  and  s'  respectively.  The  arc  M  N'  is  about  40°, 
and  this  gives  the  north  declination  of  the  star  whose  path  is  the  circle 
N  N'.  What  is  the  north  declination  of  the  star  whose  path  is  represented 
by  j  /  ?  The  star  rising  at  f  culminates  on  the  meridian  at  n  and  sets  at  v, 
only  a  small  part  of  its  diurnal  circle  being  above  the  horizon.  What 
is  the  south  declination  of  this  star?  The  paths  of  two  other  stars  that 
are  never  visible  in  the  Northern  Hemisphere  are  shown.  Find  the  south 
declination  of  each. 

From  our  study  of  the  paths  of  the  stars,  we  can  add  to  the  numbered 
statements  already  made  the  following  : — 

(4)  At  all  latitudes  in  the  Northern  Hemisphere  between  the  poles  and 
the  equator,  the  stars  whose  distances  from  the  north  pole  are  less  than 
the  latitude  of  the  place  are  circumpolar  stars,  the  stars  whose  distances 
from  the  opposite  pole  are  less  than  the  latitude  of  the  place  never  become 
visible,  while  stars  included  between  these  limits  rise  and  set.  The  daily 
courses  across  the  heavens  of  the  stars  that  rise  and  set  are  greater  or 
less  than  12  hours,  according  as  they  have  north  or  south  declination,  for 
it  must  be  remembered  that  the  daily  courses  of  all  stars,  however  great  or 
small  their  diurnal  circles,  are  accomplished  in  the  same  time,  viz.  24  hours. 

304.  Yearly  Changes  in  the  Appearance  of  the  Sun. — Revohiiion  of  the 
Earth. — Besides  the  daily  rotation  of  the  earth  and  its  effects  in  pro- 
ducing an  apparent  daily  motion  of  the  sun  and  stars,  we  will  consider 
another  apparent  motion  of  the  sun.  If  we  observe,  for  many  nights  in 
succession,  the  stars  which  first  appear  on  the  horizon  in  the  west  after 
sunset,  we  shall  find  them  to  be  slowly  and  continually  changed.  Those 
stars  which  we  first  saw  on  the  horizon  after  sunset  will  be  found  to  have 
set  before  the  sun,  and  other  stars  will  be  on  the  horizon  which  formerly 
appeared  higher  up  in  the  heavens.  If  we  observe  the  east  also  we  shall 
find  that  those  stars  which  we  saw  first  on  the  horizon  at  the  beginning 
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of  our  observations  are  higher  in  the  heavens  when  they  have  become 
visible  after  sunset.  The  longer  we  continue  our  observadons  the  hiXr 
will  the  last-mentioned  stars  appear,  and  in  the  course  of  some  m^^^hs 
the  first-mentioned  stars,  which  have  set  in  the  west  before  s^nsS  will 
reappear  in  the  east  after  sunset.  These  effects  can  be  Lnk'ned  bv 
supposing  that  the  sun  has  a  motion  from  west  to  east  round  the  heavens 
passing  over  the  stars  This  motion  is  quite  independent  of  the  daHy 
mo  10ns  which  affect  the  sun  and  stars  alike.    It  is  a  slow  motion-in 

nW J'  ?r       T  '°  ""^'''^  ^  ^^"-^  *°  revolution  com 

pleted.    1  hus  we  have  an  apparent  motion  of  the  sun  round  the  heavens 
in  one  year's  time     However  we  remember  that  there  was  an  apparent 
daily  motion  of  the  sun  round  the  earth  from  east  to  west  which  was 
found  to  be  not  a  motion  of  the  sun.  but  a  daily  revolut^n  of  the  earth 
from  west  to  east,  which  gave  an  apparent  motion  to  the  sun  in  the 
opposite  direction,  viz.  from  east  to  west.    Is  this  yearly  motion  of  the 
sun  real,  or  only  an  apparent  motion  of  the  sun  due  to  some  rotation  of 
A     the  earth?    To  answer  this  we  must  see  if 
*     there  is  any  possible  motion  of  the  earth 
which  would  give  us  such  an  apparent  yearly 
motion  for  the  sun.    We  remember  that  it  has 
a  daily  revolution  on  its  axis  from  west  to  east, 
which  made  the  sun  seem  to  revolve  daily 
from  east  to  west ;  it  could  not  have  also  a 
yearly  revolution  on  its  axis  which  could  give 
this  fresh  yearly  motion  to  the  sun.    But  in- 
stead of  the  sun  moving  round  the  earth  in 
a  year,  the  earth  could  move  round  the  sun 
m  a  year.     We  must  see  if  this  supposed 
motion  of  the  earth  would  explain  the  ap- 
parent motion  of  the  sun.    But  we  must  re- 
member that  it  is  a  yearly  motion,  quite  in- 
dependent of  the  daily  revolution  of  the  earth, 
and  for  the  present  we  may  leave  out  of 
consideration  the  daily  motion.    We  will  first 
take  the  supposition  that  the  sun  moves  round 
the  earth  from  west  to  east  amongst  the  stars. 

Let  S  represent  one  position  of  the  sun.  E 
the  position  of  the  earth.  A,  B,  C,  D,  stars 
beyond  and  behind  the  sun.  (These  stars 
would  not  be  visible  in  the  sunlight,  but  we 
know  they  must  be  there,  for  we  can  see  them 
at  another  part  of  the  year  when  the  sun  is 
not  in  that  part  of  the  sky.) 

When  the  sun  is  at  S  it  appears  in  front  of 
the  star  we  call  C ;  in  a  few  days  it  seems  to 
move  eastward  to  S',  when  it  is  in  front  of 
the  star  D,  and  then  seems  to  continue  in  its 
eastward  motion  till  finally  in  a  year's  time 
it  has  again  come  round  to  the  position  S. 
But  this  apparent  motion  of  the  sun  is  equally 
'7°-  explained  by  supposing  the  sun  fixed  at  S, 

and  the  earth  to  move  from  E  in  the  opposite  direction — i.e.  westward.' 


'  Westward— />.  from  left  to  right,  when  we  consider  the  motion  from 


Kevolution  of  the  Earth 


253 


Thus  when  the  earth  is  at  E,  the  sun  now  supposed  fixed  at  S  appears  in 
front  of  the  star  C  ;  when  the  earth  has  moved  to  E',  the  sun  at  S  appears 
in  front  of  the  star  D  ;  and  as  the  earth  moves  gradually  westward  from 
E  to  E',  the  sun  will  appear  to  move  eastward,  passing  from  its  position 
in  front  of  the  star  C  till  it  appears  in  front  of  the  star  D.  Thus  a  real 
motion  of  the  earth  westwards  gives  an  apparent  motion  to  the  sun  east- 
wards. If  the  earth  complete  its  journey  round  the  sun  in  one  year,  the 
sun  will  appear  to  move  round  the  heavens  in  a  year  also. 

Therefore  we  see  that  the  apparent  yearly  motion  of  the  sun  round  the 
heavens  can  be  explained  either  by  supposing  the  earth  moves  round  the 
sun  or  the  sun  round  the  earth.  "We  have  to  decide  which  is  the  correct 
supposition. 

From  our  experiences  of  the  train,  and  conclusion  with  regard  to  the 
daily  revolution  of  the  earth,  we  know  that  if  the  earth  and  all  it  contains 
move  smoothly,  then  our  sensations  will  not  tell  us  that  we  are  in  motion. 
Thus  the  earth  may  be  moving  round  the  sun,  although  we  do  not  feel  the 
motion.  For  this  motion  we  shall,  as  before,  give  as  evidence  both  reasons 
and  actual  proofs. 

305.  Reasons  for  believing  the  Earth  revolves — 
(i.)  We  find  out  that  the  sun  is  more  than  a  million  times 
as  large  as  the  earth,  so  it  would  seem  more  reasonable  that 
the  small  earth  should  move  round  the  large  sun  than  that  the 
sun  should  move  round  the  earth. 

(ii.)  We  have  once  before  mentioned  the  planets.  These 
are  bodies  which  appear  to  the  eye  like  stars,  but  which,  on 
being  closely  watched  for  long  periods,  seem  to  wander  amongst 
the  rest  of  the  stars  in  peculiar  ways,  sometimes  advancing,  at 
other  times  receding,  and  at  other  times  remaining  stationary. 
There  are  five  such  planets  visible  to  the  naked  eye,  and  more 
visible  to  the  telescope.  Through  the  telescope,  two  of  those 
five  are  particularly  noticeable  for  presenting  phases  like  the 
moon ;  and  these  two^  moreover,  at  rare  intervals,  have  been  seen 
to  pass  as  black  dots  across  the  sun.  All  these  peculiarities  of 
motion  and  of  phases  can  be  easily  explained  by  supposing  that 
these  planets  revolve  round  the  sun  at  different  distances  and  in 
different  periods,  and  that  the  earth  is  only  another  planet,  also 
revolving  round  the  sun  at  its  own  distance  and  in  its  own 
period.  No  other  theory  will  sufficiently  explain  all  these 
appearances  of  the  planets,  therefore  it  seems  likely  that  this 
revolution  of  the  earth  round  the  sun  is  the  true  theory. 

the  earth,  and  looking  towards  the  sun  ;  but  looking  from  the  sun  at  the 
earth  it  would  appear  to  move  from  right  to  left — i.e.  eastward,  round  the 
sun.    In  the  text  we  continue  to  speak  of  it  as  a  westward  motion. 
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306.  Proofs  of  the  Eevolution  of  the  Earth -We  cannot 
as  we  did  before  for  the  daily  rotation,  find  direct'  proofs  „rthe 
earth  nself  for  the  yearly  revolution  round  the  sun  «,  look 
to  ou,s,de  bodies.  In  one  of  the  following  proo  sThe  n„  s&n 
of  the  velocty  ofhght  occurs;  hence  we  premise  the  n" 
that  the  velocty  can  be  measured  by  instrumental  means  on  the 
earth  ,tself,  and  ,s  found  to  be  about  i86,cco  miles  per  second 

we  hold  It  vertically  in  the  direction  X  S.    If  the  tube 

al"i,ra?'theT"''      ^'V^  ^^^"^^"g'      ^hat  the  Sop 
lalls  in  at  the  top  when  the  tube  is  at  A  B,  and  falls 

Thrf.^  A  while  the  tube  has  moved  forwards  to  X  Y 
'  Jrder  tW  th'.  'f^  -'ore  must  we  slant  it  In 

S  }  ^  '^^P  ""^y  do^^n.  So  it  is  with  the 
S        .  f  }^        ^^'^  motionless  we  must 

pomt  our  telescope  directly  at  the  star,  but  if  we  were 
movmg  ,ve  must  slant  our  telescope  so  that  the  ray  of 
light  may  proceed  down  it.  We  find  that  this  slanting 
ot  the  telescope  vanes  throughout  the  year,  and  that 
the  star  appears  to  revolve  in  a  circular  motion  round 

lu.inn?f  ^'"f  P°'^'^°"-    '^^'^  ^PP^r^^t  revo- 

lution of  the  star  must  be  caused  by  a  revolution  of  the 
6^1  tn. 

Let  us  consider  this  further,  for  we  repeat  that  this 

motion  of  light.    It  IS  perhaps  the  most  convincing  proof  that 

the  earth  revolves  round  the  sun,  and 
not  the  sun  round  the  earth.   Thus  when 
the  earth  is  at  the  point  A  in  its  orbit 
(fig.  172),  and  moving  perpendicularly  to  a 
star  situated  at  S',  this  star  is  displaced 
m  the  direction  of  the  earth's  motion,  and 
IS  seen  at  5==.    The  amount  of  this  dis- 
placement is  a  small  angle  of  20-5",  and 
is  dependent  on  the  proportion  between 
the  earth's  orbital  velocity  and  the  ve- 
locity of  light.    As  the  earth  proceeds 
in  its  orbit  the  star  keeps,  as  it  were, 
before  it,  describing,  in  fact,  a  smali 
elliptical  orbit  round  its  true  position. 
The  longer  axis  of  this  aberration  ellipse 
IS  always  41",  or  twice   the  angle  of 
displacement,  20-5";  but  the  shorter  axis 
of  the  aberration  ellipse  depends  on  the 
Fig.  i72.~Aberration  of  a  Fixed  Star,  position  of  the  star  with  reference  to 
.  ,  the  plane  of  the  earth's  orbit,  the  ellipse 

becoming  more  and  more  flattened  as  the  star  approaches  this  plane.  If 
tJie  star  is  in  the  plane  of  the  earth's  orbit,  so  that  its  celestial  latitude  is 
zero,  the  aberrational  displacement  is  a  mere  line.    The  value  of  the  small 
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angle  of  displacement,  called  the  *  constant  of  aberration,'  enables  us,  from 
the  known  velocity  of  light  (186,000  miles  per  second),  to  calculate  the 
velocity  of  the  earth  in  its  orbit,  and  from  that  to  find  the  distance  of  the 
sun.  The  average  velocity  of  the  earth  in  its  orbit  is  found  to  be  18-5 
miles  per  second,  and  the  mean  distance  of  the  sun  is  then  found  to  be 
about  93,000,000  miles. 

Proof  II. — If  we  look  at  a  distant  object 
from  a  fixed  position,  it  appears  thrown  or 
projected  upon  the  sky  or  other  background 
at  a  certain  point.  On  changing  our  position 
and  looking  at  the  same  object,  it  appears  to 
meet  the  sky  at  a  different  point.  This 
apparent  displacement  of  an  object  observed 
due  to  a  real  change  in  the  position  of  the 
observer  is  called  the  parallax  of  the  object, 
and  the  angle  whose  vertex  is  at  the  centre 
of  the  object  observed,  and  whose  sides  pass 
to  the  two  points  of  observation,  is  called  the 
angle  of  parallax.  Now,  if  we  were  to  look 
at  any  of  the  fixed  stars  from  a  certain  point 
on  the  earth,  and  then  could  instantly  pass 
to  the  other  end  of  that  diameter  of  the  earth, 
nearly  Sooo  miles  away,  we  could  not  detect 
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FlG_.  173.— Aberration  Ellipses  of  Stars 
in  different  Celestial  Latitudes. 


Fig.  174. — Parallax  of  Fixed 
Stars.  Half  the  angle  shown 
is  the  Annual  Parallax. 


any  parallax  for  a  star,  so  vastly  distant  are  they.  Even  when  viewed 
from  opposite  sides  of  the  earth's  orbit,  186,000,000  miles  apart,  most  of 
the  fixed  stars  are  so  distant  that  they  do  not  suffer  any  apparent  dis- 
placement.   A  few,  however,  do  show  a  slight  parallax,  and  this  is 
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another  proof  of  the  eartli's  revolution  round  the  <;nn  v 
the  parallax  of  certain  fixed  stars.  tWh  the  size  of  the^;  ^74/lIustrates 
relation  to  the  distance  of  the  stars  is^  greatly  eL^Jra ted     tI"  " 
formed  by  two  lines  passing  to  a  star  one  fmm  V^F    }     c  T*""  ^"^'^ 
orbit,  and  the  other  fi-om  a  po  nt  onThe  orbit Tcaltm"'''  ""'^'^ 
of  the  star,  i.e.  it  is  the  angle  subtended  n  'thl         i  ^^  f"'"^^^'''''^^'^^^ 
earth's  orbit.    The  annual  fara  kx  of  eertl  fiLd^^^      -^^  '"^'"f  °^ 
earth's  revolution  round  the  sun    (Those  sta  s  th-^^^  ^ 
appear  to  describe  a  small  eCse  each  year  bSt  tH.   fr  P^'^'^^'' 
confounded  with  the  aberratioS  elhW  V^'^'.r^  ^^^^  ^^^'P^e  must  not  be 
size  varies  with  tli  .ntSnt  7anSvtallL'\"S  ' 
opposite  direction  to  that  of  the  earth  )  ^  '  ^" 

„<=  ,frf^-^^-^-^--The  law  of  gravitation,  as  first  discovered  by  Newton  telk 
us  that  every  particle  of  matter  attracts  every  other  partiX  S  °  fir 
which  vanes  directly  as  the  product  of  the  maL^of  tC  twTpI  fcles  a^^^^^ 
inversely  as  the  square  of  the  distance  between  th^m     A^^i^"     u-'  f 

the  s:n""the' ""'T^  P-ved1haTSietrth  woffiofatet  ^^^ 
the  sun  ;  the  dis  ance  from  the  sun  would  be  that  which  has  actuX  h^Pn 

IndlhVr  "'Y'^  °^  ^^"^'i       ^hat  we  found  ?n  Proof  I 

and  the  time  for  one  revolution  would  be  one  year.    This  then  must 

Although,  therefore,  the  annual  motion  belongs  to  the  earth  and  not 
to  the  sun  It  IS  sometimes  simpler  and  more  convlnient  to  speak  Tif  "he 
motion  belonged  to  the  sun,  for  the  solution  of  problems?egard?ne  the 
apparent  position  of  the  heavenly  bodies  is  correctly  obtained  on  either 

round^ihf sun  "  Thi  ^''^  '^'"^^  ^^^^  '^'^^     ^ts  path 

lound  the  sun.    This  path  is  in  one  plane,  and  is  very  nearly,  but  not 

exactly,  a  circle.    It  is  strictly  an 
ellipse.    An  ellipse  can  be  thus  de- 
scribed.    Two  pins  J  and  /  are 
stuck  in  a  piece  of  paper,  and  a  loop 
of  cotton  put  over  them.    This  loop 
is  tightened  by  a  pencil  at  P,  and, 
keeping  the  loop  tight,  the  pencil 
on  moving  round  the  pins  will  de- 
scribe  the  ellipse  P  F   ^  A  B.   j  and 
s'  are  called  the  foci  of  the  ellipse. 
In  the  case  of  the  earth's  orbit  the 
foci  are  comparatively  close  together, 
and  hence  this  ellipse  looks  almost 
like  a  circle.    The  sun  occupies  one 
of  these  foci,  and  thus  the  earth  is 

t>,«cnT,     AffU     1-    .    .  J.  ,    not  always  at  the  same  distance  from 

the  sun.  At  the  shortest  distance  the  earth  is  said  to  be  in  perihelion  (near 
the  sun) ;  at  the  furthest  distance  it  is  in  aphelion  (away  from  the  sun). 
(Tee  fiV'20o)°"'  ^""''^  respectively  on  January  i  and  July  \ 

We  may  remark  that,  though  the  earth's  orbit  is  elliptical,  yet  it 
approaches  so  near  a  circle  that  if  we  were  to  represent  it  to  exact  scale 
in  tnis  book,  the  figure  would  be  indistinguishable  from  a  circle 

The  cccentHcity  of  an  ellipse  is  the  displacement  of  a  focus  from  the 
centre,  and  is  expressed  by  a  fraction  with  this  distance  for  the  numerator 


Fig.  175.-— Showing  how  an  Oval  or  Ellipse 
can  be  marked  out. 
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and  half  the  major  axis  for  the  denominator.  The  smaller  this  fraction, 
the  nearer  is  the  ellipse  to  a  circle.  The  eccentricity  of  the  earth's  orbit  is 
only  about  o?;,. 

The  earth  is  one  of  eight  planets  revolving  round  the  sun  in  elliptical 
orbits.    The  laws  of  planetary  motions  as  stated  by  Kepler  are 

Kepler's  First  Law. — The  earth  and  the  other  planets  revolve  round  the 
sun  in  elliptical  orbits,  having  the  sun  in  one  of  the  foci. 

Kepler's  Second  Law. — The  radius  vector  of  a  planet  sweeps  over  equal 
areas  in  equal  times. 

Kepler's  Third  Laiu. — The  squares  of  the  periodic  times  of  the  planets 
are  in  proportion  to  the  cubes  of  their  mean  distances  from  the  sun. 

We  have  just  explained  the  nature  of  an  ellipse,  and  we  will  now 
illustrate  the  meaning  of  the  second  law,  which  will  enable  us  to  understand 
the  nature  of  the  earth's  motion  in  its  orbit.  (The  third  law  does  not 
concern  us  at  present.) 

Let  fig.  176  represent  the  earth's  elliptical  orbit,  with  S  for  the  sun  in 
one  focus,  A  B  is  the  major  axis  of  the  ellipse,  and  a  line  at  right  angles 
through  the  centre  would  be  the  minor  axis. 
Let  the  earth  start  from  A,  the  nearest  po- 
sition to  the  sun  [perihelion],  and  move  to  C. 
The  radius  vector,  or  line  joining  the  centre 
of  the  sun  and  planet,  sweeps  over  the  area 
A  S  C.  Now  suppose  the  earth  has  moved 
to  B,  the  point  farthest  from  the  sun  (aphelion), 
and  let  it  move  onward  from  B  to  D  in  the 
same  time  that  the  earth  took  to  move  from 
A  to  C.  Then  the.  law  of  equal  areas  state 
that  the  area  B  S  D  is  equal  to  the  area  Fig.  176,— Illustrating  Kepler's 
A  S  C.     Now,  the  distance  A  C  is  plainly  Second  Law. 

greater  than  the  distance  B  D,  and  as  these  distances  are  passed  over  in 
equal  times,  the  velocity  of  the  earth  must  be  greater  the  nearer  it  is  to  the 
sun.  In  fact,  the  velocity  is  greatest  at  perihelion,  decreases  continually 
till  the  earth  arrives  at  aphelion,  and  then  increases  until  perihelion  is 
again  reached. 

We  have  thus  learnt  three  things  about  the  earth's  orbit : — 

(1)  It  is  in  one  plane. 

(2)  It  is  an  ellipse  of  small  eccentricity,  with  the  sun  at  one  focus. 

(3)  The  earth's  velocity  in  its  orbit  is  not  constant,  but  varies. 

308.  Observations  relating  to  the  Earth's  Orbit.— How 

can  we  learn — 

{a)  that  the  earth's  orbit  is  in  one  plane  ? 

{b)  that  the  orbit  is  not  circular,  but  elUptical  ? 

{c)  that  the  speed  of  the  earth  in  its  orbit  varies  ? 

{a)  We  know  that  the  earth's  orbit  is  in  one  plane  because 
the  apparent  annual  path  of  the  sun  through  the  stars  Mue  to 
the  earth's  revolution  round  the  sun)  is  in  one  plane,  the  sun 
having  been  observed  to  move  along  the  same  great  circle  of 
the  heavens,  the  ecliptic,  year  after  year.  In  fact,  careful 
observations  have  shown  that  the  centre  of  the  sun  always 

s 
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appears  to  move  along  the  ecliptic,  and  therefore  the  earth's 
orbit  must  lie  in  the  plane  of  the  ecliptic. 

ih)  We  know  that  the  earth  is  not  always  at  the  same 
distance  from  the  sun,  as  it  would  be  were  the  orbit  circular 

with  the  sun  in  the  centre,  be- 
cause the  sun  looks  bigger  at 
one  time  of  the  year  than  at 
another.  In  fact,  the  sun's 
apparent  diameter  varies  re- 
gularly during  the  year,  and 
as  there  is  no  reason  to  be- 
lieve that  the  sun  himself 
varies  thus  regularly  in  size, 
Fig.  177.— Illustrating  how  the  Shape  of    we  must  change  our  distance 

the  Earth's  Orbit  is  found.  ... 

irom  It  m  a  manner  mdicated 

by  this  apparent  change  of  size.    The  sun's  apparent  diameter 

is  the  angle  which  its  diameter  subtends  at  the  eye  of  an 

observer  on  the  earth,  and  we  know  that  the  apparent  diameter 

of  an  object  is  inversely  proportional  to  the  distance  of  the 

object.    The  sun's  apparent  diameter  is  greatest  on  January  i, 

and  least  on  July  i,  and  we  may  thus  learn  that  the  earth  is 

nearest  the  sun  on  January  i,  and  most  distant  on  July  i. 

We  may  learn  more  from  the  actual  measurements  on  these 

dates.    The  apparent  diameter  of  the  sun  when  greatest  is  32' 

36",  and  when  least   31'  32",  and  hence  the  ratio  of  the 

•    •  12'  •?6" 

distances  is  mversely  proportional  to  the  fraction  ^     ^  - 

31'  32" 

£^5^  =  ^  nearly  :  that  is,  the  sun  is  about  of  its  mean 
1892     30  ^" 

distance  nearer  on  January  i  than  on  July  i  (see  fig.  178). 

Careful  measurements  of  the  sun's  diameter  have  been 

made  from  day  to  day,  and  from  these  measurements  it  is 

possible  to  construct  the  earth's  orbit  and  to  show  that  it  is 

an  ellipse,  with  the  sun  in  one  of  the  foci.    To  do  this  we 

draw  from  a  point  lines  S  M,  S  N,  S  O,  S  P,  etc.,  making  the 

lengths  of  the  lines  inversely  proportional  to  the  apparent 

diameter  of  the  sun  at  the  times  of  observation,  and  the 

direction  of  the  lines  corresoond  to  the  sun's  angular  position 
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at  the  time  of  observation.    On  joining  the  ends  of  the  lines, 
the  figure  of  an  ellipse  is  traced  out  (see  fig.  177,  where, 
however,  as  in  other 
figures  of  the  orbit, 
the  ovalness  is  much 
exaggerated). 

{/)  Careful  ob- 
servations of  the 
apparent  motions  of 
the  sun  along  the 
ecliptic  through  the 
fixed  stars  show 
that  the  angular 
distance  moved 
through  varies 
slightly  from  day  to 
day,  and  we  de- 
duce from  this  that  . 

thf  parth'c  vplnriHr  ^^'S-'7^B.— Sun's  Annual  Apparent  Change  of  Diameter, 
me   eartn  S  velocity       P/  P'/,  sun's  disc  at  perihelion  ;  Aa  A'a'.  sun's  disc 

in  its  orbit  varies,  ^'^p"^^''""- 

In  the  course  of  a  year  of  a  Httle  more  than  365  days  the 
sun  returns  to  the  same  point  from  which  it  started,  so  that 
it  must  have  passed  through  360°  in  the  time  stated.  Its 
average  daily  motion  is  thus  a  little  less  than  one  degiee. 
Now,  it  is  found  that  the  sun  moves  through  an  arc  of  1°  i'  10" 
in  twenty-four  hours  when  it  is  nearest  to  the  earth  on  January  i, 
and  that  on  July  i,  when  farthest  from  the  earth,  it  only  moves 
through  an  arc  of  57'  11-5".  Thus  actual  measurement  shows 
that  the  rate  of  the  earth's  motion  in  its  orbit  changes,  being 
greatest  when  near  the  sun,  and  least  when  most  distant. 

A  further  proof  of  this  variation  of  velocity  is  found  by 
showing  that  it  is  a  necessary  consequence  of  the  law  of 
gravitation  that  the  speed  of  the  earth  in  its  orbit  must  be 
such  that  the  radius  vector  or  line  joining  the  earth  and  the 
sun  must  describe  equal  areas  in  equal  times. 

309.  Different  Kinds  of  Day.— We  know  that  the  sun,  in  consequence  of 
the  earth  s  revolution  round  it,  seems  to  move  eastward  among  the  stars. 
A  star  reaches  its  greatest  altitude,  or  transits  the  meridian,  at  exactly  tha 
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same  interval  each  day.  A  sidereal  day  is  the  interval  between  two 
successive  meridian  passages  of  the  same  star.  It  is  the  actual  time  taken 
by  the  earth  to  make  a  complete  rotation  (360°)  upon  its  axis.  A  soldr  day 
is  the  interval  between  two  successive  passages  of  the  centre  of  the  sun  across 
a  meridian,  and  it  is  noon  at  the  moment  of  transit.  If  the  sun,  like  a  star 
appeared  always  at  the  same  place  in  the  sky,  a  solar  day  would  be  of  the 
same  length  as  a  sidereal  day.  But  the  sun  seems  to  move  eastward  among 
the  stars  at  the  rate  of  about  1°  per  day,  so  that  the  earth  must  rotate  nearly 
361°  about  its  axis  before  a  given  meridian  comes  opposite  to  the  sun  again, 
and  so  the  solar  day  is  nearly  four  minutes  longer  than  the  sidereal  day. 

By  the  help  of  fig.  179  we  can  illustrate  why  the  solar  day  is  longer  than 
the  sidereal  day.    M  represents  the  centre  of  the  sun,  while  the  stars  are 

at  so  great  a  distance  that  the  rays 
from  them  are  sensibly  parallel.  E, 
and  Ej  represent  two  positions  of  the 
earth  in  its  orbit  at  the  interval  of  a 
sidereal  day,  or  after  one  complete 
axial  rotation.  P  A  is  the  meridian  of 
a  place  A  on  the  earth.  At  Ej  the 
sun  and  a  distant  fixed  star  are  on  the 
meridian  of  A  at  the  same  time.  At 
E2  when  the  earth  has  made  one  com- 
plete rotation  on  its  axis  the  distant 
fixed  star  is  on  the  meridian  of  A 
again,  but  the  earth  must  continue  to 
turn  through  the  small  angle  repre- 
sented by  the  arc  A  B  before  the  sun 
is  again  on  the  meridian  P  A.  Hence 
the  solar  day  or  time  from  noon  to 
noon  is  longer  than  the  sidereal  day. 

As  the  sidereal  day  is  shorter  than 
the  solar  day  by  about  four  minutes, 
we  find  that  there  are  366J  sidereal 
days  during  the  365^  solar  days  of  a 
year,  i.e.  there  is  one  more  rotation  of 
the  earth  than  there  are  days  in  the  year. 

The  sidereal  day,  measured  by  the  rotation  of  the  earth  on  its  axis,  is  of 
invariable  length.  But  the  solar  day,  measured  by  the  interval  between  two 
successive  appearances  of  the  sun  upon  the  meridian  of  any  place,  varies  in 
length,  because  the  varying  speed  of  the  earth  in  its  orbit  causes  the 
distance  of  its  forward  movements  in  the  orbit  to  vary,  and  thus  the  earth 
does  not  turn  on  its  axis  through  the  same  angle  every  day  to  bring  the  sun 
on  a  meridian.  Plence  the  apparent  or  true  solar  day,  as  the  solar  day  that 
appears  as  the  actual  result  of  two  successive  meridian  passages  of  the  sun 
is  called,  varies  in  length  at  different  parts  of  the  year.  It  is  longest  when 
the  sun  moves  fastest,  and  shortest  when  the  sun  moves  slowest  in  its  orbit. 
Another  cause,  the  apparent  movement  of  the  sun  in  a  path  inclined  to  the 
meridians  at  varying  angles,  leads  to  an  inequality  in  the  length  of  the 
apparent  solar  days. 

Solar  time  thus  seems  to  be  unsatisfactory,  owing  to  its  want  of 
uniformity,  and  yet  our  ordinary  life  is  regulated  by  the  sun.  To  get  over 
the  difficulty,  and  obtain  a  uniform  measure  of  time,  we  take  the  average 
of  all  the  apparent  solar  days  of  the  year,  and  call  this  a  mean  solar  day. 
We  imagine  a  sun  called  the  mean  sun  moving  uniformly  along  the  celestial 


Fro.  179. — Diagram  showing  how  the 
difference  between  the  Sidereal  and 
Solar  Day  arises. 
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equator  and  completing  its  yearly  circuit  of  the  heavens  in  the  same  time 
as  the  actual  sun.  A  mean  solar  day  is  therefore  the  average  of  the 
apparent  solar  days,  and  is  always  of  the  same  length.  This  is  the  day 
which  our  clocks  and  watches  keep,  and  it  is  divided  into  twenty-four  hours, 
and  these  into  minutes  and  seconds,  so  that  our  ordinary  timepieces  keep 
mean  solar  time.  Greenwich  mean  time  is  used  in  all  parts  of  England, 
and  this  is  the  time  as  shown  by  a  clock  moving  through  twenty-four  solar 
hours  in  the  average  interval  between  two  successive  passages  of  the  sun 
across  the  meridian  of  Greenwich,  the  moment  of  passage  being  Grcenivich 
vtean  noon. 

Such  a  clock  does  not  always  indicate  noon  when  the  real  sun  crosses 
the  meridian,  being  generally  a  little  before  the  sun  or  after  it.  True  or 
apparent  noon  is  found  by  ascertaining  the  exact  moment  of  the  meridian 
passage  of  the  sun  by  a  transit  telescope.  True  time  is  also  indicated  by 
a  sundial.  The  difference  between  true  or  sundial  time,  and  the  time 
shown  by  a  clock  keeping  mean  solar  time  is  called  the  equation  of  time. 
It  is  used  to  regulate  the  clock,  for  sundial  time,  plus  or  minus  the  equation 
of  time,  gives  the  clock  time  (see  par.  328). 

The  civil  day  is  the  mean  solar  day  and  the  day  of  ordinary  life.  It 
begins  and  ends  at  midnight.  The  astro  nomical  day  begins  at  mean  noon 
twelve  hours  later,  and  is  reckoned  round  through  24  hours.  Thus 
4  A.M.  of  Friday,  May  19,  civil  time,  is  Thursday,  May  18,  16  hours,  by 
astronomical  time. 

The  word  '  day '  is  often  used  for  daylight,  or  the  time  during  which 
the  sun  is  above  the  horizon  of  a  place  (par.  315). 

310.  Definition  of  Terms. — The  ecliptic  is  the  great  circle  which  the  sun 
appears  to  describe  round  the  hea- 
vens once  a  year.    It  is  so  called 
because  all  the  eclipses  of  the  sun 
and  moon  occur  in  it. 

The  plane  of  the  ecliptic  is  the 
plane  passing  through  this  circle, 
or,  what  is  the  same  thing,  it  is  the 
plane  in  which  the  orbit  of  the 
earth  lies — for  this  orbit,  we  re- 
member, is  in  one  plane. 

The  plane  of  the  equator  is  the 
plane  passing  through  the  earth's 
equator,  this  plane  being  supposed 
to  be  continued  outwards  to  the 
sphere  of  the  heavens,  which  it  will 
cut  in  the  celestial  equator.  The 
axis  of  the  earth  will,  of  course, 
be  at  right  angles  to  this  plane. 
These  two  planes  do  not  coincide 
with  one  another,  but  intersect  at 
two  nodes  or  crossing-points,  180° 
apart,  the  angle  of  intersection 
being  23^°  (see  fig.  180]. 

The  equinoctial  points,  or  eqtd- 


FlG.  180. — Diagram  of  the  Celestial  Sphere, 
showing  the  celestial  equator  E  E  inter- 
sected by  the  ecliptic  D  B  at  the  nodes 
A  and  C.  A  is  the  vernal  equinox,  C  the 
autumnal  equinox,  B  the  summer  solstice, 
and  D  the  winter  solstice.  The  arrow 
shows  the  direction  of  the  sun's  apparent 
annual  motion  on  the  ecliptic.  The  angle 
B  A  E  is  the  obliquity  of  the  ecliptic. 


noxes,  are  the  two  points  where  the 
ecliptic  cuts  the  celestial  equator.    The  sun  is  at  these  points  on  March  2 1 
and  September  23. 

The  obliquity  of  the  ecliptic  is  the  angle  which  the  plane  of  the  ecliptic 
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Tabourlsio'^  P'^"^     ''''  ^he  equinoctial  points.    I.s  value 

the  solstitiaf  points  it  has  its  greatest 'LdSonr  o^g  e^tS^dSat: 
from  the  equator.  On  June  21  it  is  at  the  summer  solstice  nL  vf  f 
greatest  northern  declination  ;  on  December  22  itTs  It  tt  Ste^  sols  ice' 
and  has  its  greatest  southern  declination  (see  fig  180)  solstice, 
The  tropics  are  two  great  circles  drawn  through  the  solstices  n,r,ll»i 
to  the  equator.  They  are  so  called  (Gk.  tropo,  I  turn)  beSuse  FhTi 
then  turns  from  its  northward  motion  to  the  south  or  z^Sf^.i  Th^ 
TrJicVSpScorn^:^^  ^^''^  °^  southed t^^c  is Thl 

The  zodiac  is  a  belt  of  the  heavens  16°  wide  8°  on  parli  ,u 
ecliptic.    It  is  so  called  (Gk.  an  anima?because'The  gr:ul'of 

stars  or  constellations  m  it  are  figures  of  animals.    The  zodiac  is  div  ded 
into  twelve  equal  arcs  or  parts,  called  signs,  each  30°  in  length  The 
names  of  the  signs  are  contained  in  the  following  lines  :— 
"  The  Ram,  the  Bull,  the  Heavenly  Twins 
And  next  the  Crab,  the  Lion  shines,  ' 

The  Virgin,  and  the  Scales, 
The  Scorpion,  Archer,  and  He-goat, 
The  Man  that  bears  the  watering-pot, 
And  Fish  with  shining  tails. "  ' 

Their  Latin  names,  with  the  symbols  used  for  them,  and  the  days  on 
which  the  sun  enters  the  different  signs,  are  as  follows  :— 


Northern  Signs  of  Zodiac. 

Spring  Sig7is. 

nr  Aries,  the  Ram,  March  21. 

Taurus,  the  Bull,  April  19. 
n  Gemini,  the  Twins,  May  20. 


Summer  Signs. 

i22  Cancer,  the  Crab,  June  21. 
S\.  Leo,  the  Lion,  July  22. 
77J  Virgo,  the  Virgin,  August  22. 


Southern  Signs  of  Zodiac 

Autwnnal  Signs. 

£iz  Libra,  the  Balance,  September  23. 
rrt  Scorpio,  the  Scorpion,  October  23. 
/  Sagittarius,  the  Archer,  November  22. 

Winter  Signs. 

)^  Capricormis,  the  Goat,  December  21. 

Aquarius,  the  Waterman,  January  20. 
X  Pisces,  the  Fishes,  February  19. 


The  Signs  of  the  Zodiac 
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311.  Yearly  Changes  in  the  Appearances  of  the  Stare.— If  we  look  out 
at  the  same  hour  of  the  night,  but  at  different  times  of  the  year,  we  sha 
find  that  the  same  stars  are  not  visible  in  the  same  positions.  We  shall 
see  this  more  clearly  if  we  fix  on  any  one  star,  and  watch  for  its  appearance 
on  successive  nights.  On  each  succeeding  night  it  rises  some  four  minutes 
sooner  and  sets  four  minutes  sooner  than  it  did  the  night  before.  Thus,  if  in 
spring  at  nine  o'clock  it  is  just  rising,  it  will  be  high  up  in  the  heavens  at 
the  same  hour  in  summer,  and  in  autumn  it  will  be  setting  at  the  same  hour. 
During  the  winter  months  it  will  be  below  the  horizon  at  this  hour,  and  we 


Fig.  i8i.— Illustrating  the  Sun's  Apparent  Yearly  Path  through  the  Signs  of  the  Zodiac. 


should  have  to  wait  for  some  time  for  it  to  rise.  As  spring  comes  on  again 
it  will  rise  earlier  and  earlier,  till  on  the  same  day  of  the  month  as  we  first 
began  observing  it,  it  will  rise  at  nine  o'clock.    So  it  is  with  all  the  stars. 

These  changes  are  closely  connected  with  that  change  of  the  sun  pre- 
viously mentioned,  viz.  that  the  sun  appears  to  move  eastward  amongst 
the  stars.  Hence  the  stars  must  seem  to  pass  westward  behind  the  sun, 
and  as  our  day  and  night  depend  on  the  light  from  the  sun,  the  stars  on 
each  successive  night  will  appear  to  be  slightly  to  the  westward  of  the 
position  they  occupied  at  the  same  hour  on  the  previous  night.  Thus 
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stars  will  rise  earlier  and  set  earlier  on  successive  nights,  the  amount  viz 
four  minutes,  bemg  such  that  in  a  year's  time  they  come  back  tTthe 'same 
positions  at  the  same  hours  for  365  times  four  minutes  make  up  o^e 
^^^•^%r^''y  '^J^a^ge^.  of  course,  are  due  to  the  revolution 
?evSution  '^"^"'^  previously  in  considering  tha^ 

The  apparent  yearly  motion  of  the  sun  through  the  various  signs  of 
the  zodiac,  and  the  different  stars  visible  from  the  earth  at  midnighTare 
Illustrated  in  fig.  i8r    Let  S  represent  the  sun,  and  let  the^fi^res 
\         "^'i^'  y  I'    '  ^'  '"^icate  nine  positions  of  the  earth  in  its  orbit 
at  intervals  of  about  two  weeks  apart.    Round  the  sphere  of  fixed  stars 
are  indicated  the  signs  of  the  zodiac.    When  the  earth  is  at  I,  an  observer 
will  see  the  sun  in  the  direction  i  S  among  the  fixed  stars  at  i'.    The  sun 
appears  to  be  entering  the  sign  Cancer.    At  midnight  on  the  part  of  the 
earth  turned  away  from  the  sun,  the  stars   in  thi  opposite  part  of  the 
celestial  sphere  are  visible.    When  the  earth  has  moved  to  position  2 
the  sun  appears  among  the  stars  2',  about  the  middle  of  the  sign  Cancer' 
and  the  stars  in  the  opposite  sign  Capricornus  appear  at  midnight  on  the 
par  of  the  earth  turned  from  the  sun.    On  the  earth  reaching  the  position 
3.  the  sun  is  about  to  enter  the  sign  Leo.    Passing  through  the  successive 
positions  4,  5,  6,  7,  8,  9,  the  sun  will  appear  among  the  stars  4',  5',  6',  7' 
S  ,  9  ,  and  the  motion  of  the  earth  continuing  all  the  way  round  its  orbit 
the  sun  appears  to  pass  through  all  the  signs  of  the  zodiac,  and  to  complete 
the  circuit  of  the  heaven  on  again  reaching  the  position  i. 

(In  ancient  times,  the  constellations  or  groups  of  stars  opposite  each 
arc  or  sign  of  the  zodiac  was  of  the  same  name  as  the  sign,  but,  owing  to 
a  backward  movement  of  the  sign  Aries,  this  sign  is  now  in  the  constel- 
lation Pisces,  the  sign  Taurus  in  the  constellation  Aries,  and  so  on.  It  is 
thus  necessary  to  distinguish  between  the  signs  of  the  zodiac  and  the  con. 
stellations  of  the  zodiac.) 

We  have  as  yet  only  considered  the  effects  of  the  rotation  and  revolution 
of  the  earth  so  far  as  they  affect  the  appearances  of  the  stars.  But  these 
two  motions  have  important  effects  on  the  appearances  of  the  sun,  and 
these  we  will  now  proceed  to  consider. 

312.  Changes  in  the  Declination  and  Right  Ascension 
of  the  Sun.— If  we  find  with  a  suitable  telescope  the  declina- 
tion and  right  ascension  of  the  sun  day  by  day,  we  shall  learn 
that  neither  of  these  quantities  remains  constant.  At  the 
spring  or  vernal  equinox  on  March  21,  the  sun  is  crossing  the 
equator  to  the  north,  and  its  declination  is  zero.  In  about 
a  month  the  sun  has  moved  along  the  ecliptic,  and  its  northern 
declination  has  been  increasing.  Drawing  a  quadrant  from 
the  pole  perpendicular  to  the  equator,  we  see  that  this 
declination  is  represented  by  the  arc  S  M.  At  the  end  of 
another  month,  the  declination  will  be  again  represented  by 
the  perpendicular  from  its  position  to  the  equator.  At  the 
end  of  the  third  month  it  has  reached  its  greatest  northern 
declination,  23^°  represented  by  the  arc  K  Q,  and   is  at 
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the  summer  solstice.  Its  polar  distance  is  also  now  least.  It 
now  begins  to  approach  the  equator  again  (the  distance 
between  the  two  dotted  portions  of  the  ecliptic  and  the  equator 
gets  smaller),  until  at  the  autumnal  equinox  on  September  23 
the  declination  is  again  zero.  After  this  date  the  sun  passes 
south  of  the  equator,  and  its  southern  declination  increases 
until  it  reaches  the  winter  solstice  on  December  22.  The  arc 
CE,  23^°,  represents  its  greatest  southern  declination,  and 
the  sun's  polar  distance  is  now  greatest.    After  the  winter 


Fig.  182. — Diagram  of  Celestial  Sphere,  showing  Sun's  position  on  the  Ecliptic  at 

intervals  of  one  month. 

solstice  the  sun  in  its  path  again  approaches  the  equator,  and 
comes  back  again  to  the  vernal  equinox. 

Consider  now  the  changes  in  right  ascension,  which  is  the 
angular  distance  of  a  heavenly  body  east  of  the  vernal  equinox, 
or  first  point  of  Aries,  along  the  equator.  On  March  2 1  the  sun 
is  at  the  first  point  of  Aries,  Y,  and  the  right  ascension  is  zero. 
Next  day  the  sun  will  be  found  about  1°  to  the  east,  and  each 
day  the  right  ascension  increases  about  1°  At  the  end  of  a 
month  the  right  ascension  will  be  the  arc  Y  M,  about  30°, 
or  the  value  of  this  arc  in  time.    (Right  ascension  is  usually 
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expressed  in  almanacs  in  time,  and  not  in  degrees  i°=4 

minutes.)  At  the  end  of  three  months  the  right  ascension  is 
the  arc  Y  Q,  or  90°.  On  September  23  the  R.  A.  of  the  sun 
is  180°;  on  December  22  it  is  270°;  and  it  goes  on  increasing, 
for  it  is  measured  all  round,  until  the  sun  reaches  the  vernal 
equinox  again. 

As  already  pointed  out,  the  sun  does  not  move  along  the 
ecliptic  at  a  uniform  rate,  and  therefore  the  daily  change  in 
the  right  ascension  of  the  sun  is  not  uniform.  It  is  the  change 
of  the  sun's  right  ascension  compared  with  the  fixed  R.  A. 
of  the  stars  that  leads  to  the  difference  between  the  solar  day 
and  the  sidereal  day,  and  it  is  the  varying  amount  of  the  sun's 
R.  A.  that  causes  the  true  solar  days  to  be  of  unequal  length. 

Summarizing,  we  find  that — 

{a)  On  March  21  the  sun  crosses  the  equator  through 
the  first  point  of  Aries,  and  it  is  the  Vernal  Equinox. 

Sun's  R.  A.  =  0,  and  its  Decl.  =  o. 

(p)  On  June  21  the  sun  has  described  an  arc  of  90° 
along  the  ecliptic,  and  it  is  the  date  of  the  Summer  Solstice. 

Sun's  R.  A.  =  90°  or  6  hours,  and  its  Decl.  =  23^°  N. 

{c)  On  September  23  the  sun  has  described  an  arc  of 
180°,  is  at  the  first  point  of  Libra,  and  it  is  the  date  of  the 
Autumnal  Equinox. 

Sun's  R.  A.  =  180°  or  12  hours,  and  its  Decl.  =  o, 

(d)  On  December  22  the  sun  has  described  an  arc  of 
270°,  and  it  is  at  the  Winter  Solstice. 

Sun's  R.  A.  =  270°  or  18  hours,  and  its  Decl.  =  23^°  S. 

{e)  Finally,  on  March  21  of  the  next  year  the  sun  has 
passed  over  the  whole  ecliptic,  and  it  is  again  the  Vernal 
Equinox. 

Sun's  R.  A.  =  360°  or  24  hours,  and  its  Decl.  =  o. 

If  we  require  the  sun's  R.  A.  at  other  dates  we  can  obtain 
it  exactly  from  the  Nautical  Almanac  ;  or,  knowing  the  sun's 
R.  A.  at  the  nearest  equinox  or  solstice,  we  may  obtain  its 
R.  A.  approximately  at  other  dates  by  adding  1°  or  4  min. 
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for  every  day  later.  Thus  January  i  is  ten  days  later  than 
December  22  when  its  R.  A.  is  270°  or  18  hours.  We  must 
therefore  add  10°  or  40  m.  to  the  R.  A.  of  December  22. 
Hence  on  January  i  the  sun's  R.  A.  =  280°,  or  18  hours  40  m. 

Bearing  in  mind  that  celestial  latitude  and  celestial 
longitude  are  measured  with  reference  to  the  plane  of  the 
ecliptic  and  not  the  plane  of  the  equator,  we  can  see  that  the 
sun's  latitude  is  always  zero,  as  it  is  always  on  the  ecliptic, 
and  that  the  sun's  longitude  increases  from  zero  at  the  first 
point  of  Aries  up  to  90°  on  June  21,  to  180°  on  September 
23,  to  270°  on  December  22,  and  to  360°  on  March  21,  when 
it  is  at  the  first  point  of  Aries  again. 

313.  How  to  determine  the  Solstices,  the  Equinoxes,  and 
the  Obliquity  of  the  Ecliptic. — We  will  now  explain  a  simple 


Fig.  183.— Illustrating  how  the  Sun's  varying  Declination,  the  Obliquity  of  the  Ecliptic, 
and  the  date  of  the  Equinoxes  and  Solstices  may  be  determined.  /'  s,  b  e,  and  h  w 
show  the  relative  lengths  of  the  noonday  shadow  of  the  gnomon  at  the  times  indicated. 


method  of  finding  these  dates  and  this  angle.  Fix  a  vertical 
rod  or  pillar,  sometimes  called  a  gnomon^  on  a  horizontal 
surface  and  observe  the  noonday  shadow  cast  by  the  sun. 
The  day  on  which  the  shortest  shadow  is  thrown  at  noon  will 
be  the  date  of  the  summer  solstice ;  the  day  on  which  the 
longest  shadow  is  thrown  at  noon  will  be  the  date  of  the 
winter  solstice.  The  solstices  may  also  be  determined  by 
finding  the  day  on  which  the  sun  rises  and  sets  furthest  from 
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the  east  and  west  points  of  the  horizon.  At  the  summer 
solstice  it  rises  and  sets  furthest  to  the  north ;  at  the  winter 
solstice  it  rises  and  sets  nearest  to  the  south.  ^ 

We  may  find  the  equinoxes  or  dates  on  which  the  sun's 
daily  motion  is  on  the  equator  by  determining  the  day  on 
which  the  sun  rises  due  east  and  sets  due  west,  for  the 
celestial  equator  cuts  the  horizon  at  these  two  points.  A  line 
at  right  angles  to  the  meridian  line  runs  due  east  and  west, 
and  at  each  equinox  the  shadow  of  a  vertical  rod  cast  by  the 
rising  sun  will  be  in  the  same  straight  line  as  that  cast  by  the 
setting  sun. 

From  the  observations  with  the  gnomon  we  may  learn  that 
the  sun's  declination  or  distance  from  the  equator  is  23^° 
N.  at  the  summer  solstice,  and  23^°  S.  at  the  winter  solstice. 
This  is  therefore  the  angle  between  the  plane  of  the  ecliptic 
and  the  plane  of  the  equator,  and  this  angle  of  231°  is  the 
Obliquity  of  the  Ecliptic.  (See  fig.  183,  where  the  opposite 
angles  are  equal.) 

The  length  of  the  year  may  be  approximately  found  by 
finding  with  the  gnomon  the  interval  between  one  summer 
solstice  and  the  next,  or  one  winter  solstice  and  the  next ;  that 
is,  by  observing  the  times  when  the  noonday  shadow  of  the 
gnomon  is  longest  or  shortest. 

314.  The  Sun's  Diurnal  Path  at  Different  Latitudes  and  Seasons.— We 

have  learnt  that  the  sun's  position  among  the  stars  is  not  fixed,  but  that  in 
his  progress  along  the  ecliptic  he  not  only  changes  his  right  ascension,  or 
distance  from  the  first  point  of  Aries,  but  his  declination  or  distance  from 
the  equator  is  changing  from  day  to  day,  varying  from  23^°  N.  to  23^°  S., 
and  back  again  in  a  year.  This  change  of  declination  is  the  reason  why  the 
apparent  daily  path  of  the  sun  differs  from  day  to  day  during  the  year. 
Indeed,  the  change  is  gradual  throughout  each  day,  but  it  will  be  sufficient 
for  our  purpose  to  assume  that  the  sun  keeps  the  declination  that  he  has  at 
sunrise  throughout  that  day. 

Let  us  now  consider  the  daily  motion  of  the  sun  on  the  celestial  sphere 
in  a  somewhat  similar  manner  to  that  in  which  we  considered  the  daily 
motion  of  the  stars  in  par.  303.  There  is  this  difference,  however,  to 
note  between  the  sun  and  the  stars.  Each  star  describes  its  own  daily 
path  at  various  latitudes  without  any  change  throughout  the  year,  the  path 
depending  on  its  distance  from  the  equator.  The  sun's  path  changes 
during  each  year,  so  that  at  one  time  its  path  is  like  that  of  a  star  on  the 
equator,  at  another  period  like  that  of  a  star  above  the  equator  (but  never 
more  than  23^°  N.)  and  during  another  part  of  the  year  like  that  of  a  star 
south  of  the  equator. 

Take  first  the  case  of  an  observer  at  the  equator,  where  the  celestial 
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Fig.  184.— Figure  illustrating  the  dally  path  of  the 
Sun  at  the  Equinoxes  and  Solstices,  to  an  observer 
at  the  equator. 


poles  are  orx  the  horizon,  and  where  the  equinoctial  ^F/^f      '  °\ 
SsLs  through  the  zenith.    On  March  21,  when  the  sun  is     theff  t  1^°'"^ 
Kries  in  his  yearly  circuit  of  the  heavens,  and  when  h.s  declmat  on  :s  o 
(fig.  182),  he  will  rise  at  the  east  point  of  the  horizon  L,  and  set  at  the 
west,  W,  describing  the  equa- 
torial arc  EQW  (fig.  184). 
From  March  21  to  June  21 
the  sun  is  daily  increasing  its 
distance  north  of  the  celestial 
equator,  so  that  it  rises  north 

of  E  and  sets  north  of  W. 

On  June  21  the  summer  sol- 
stice (fig.  182),  the  sun  is  23^° 

north  of  the  equinoctial,  and 

its  path  on  that  day  is  re- 
presented by  the  arc    U  w, 

half  of  which  is  above  the 

horizon  and  half  below.  After 

June  21  the  sun's  northern 

declination  decreases,  and  he 

is  back  again  on  the  equator 

at    the    autumnal  equinox, 

September  23  (fig.  182).  After 

September  23  the  sun  passes 

south   of   the   equator,  his 

diurnal  circle  appears  to  get 

smaller,  and  he  rises  south  of  ,       .  ,        ^        iCrr  TSi'.^ 

E  and  sets  south  of  W.  On  December  22,  the  winter  solstice  (fig.  ibz), 
the  sun's  declination  is  231°  S.,  and  his  daily  path  is  represented  by  the 
circle  A  G,  half  of  which,  e'  G  w\  is  above  the  horizon.  After  December 
22  the  south  declination  of  the  sun  decreases  as  he  moves  along  the  ecliptic 
to  the  first  point  of  Aries  (fig.  182),  a  position  he  again  reaches  on  March 
21.  Thus  it  is  seen  that  at  the  equator  the  sun's  daily  path  is  always 
bisected  by  the  horizon,  and  that  day  and  night  are  always  equal,  though 
the  amplitude  of  his  rising  and  setting  points  varies  from  o  to  234  on 
each  side.  On  March  21  the  observer  at  the  equator  notes  the  sun  passing 
through  the  zenith  at  noon  ;  for  six  months  it  then  transits  the  meridian 
north  of  the  zenith ;  on  September  23  it  again  passes  through  the  zemth  at 
noon  ;  during  the  next  six  months  it  transits  south  of  the  zenith. 

A  httle  consideration  will  show  that  as  we  pass  northwards  from 
the  equator,  the  daily  path  of  the  sun  is  not  always  half  above  and 
half  below  the  horizon.  From  March  21,  on  which  date  the  sun  is  on 
the  equator,  to  June  21,  the  days  increase  and  the  nights  decrease  m 
length ;  from  June  21  to  September  23,  the  daily  paths  changes  back  to 
the  equator,  and  the  length  of  the  day  returns  to  twelve  hours.  I'rom 
September  23  to  December  22,  the  days  shorten  as  the  sun  passes  south  ot 
the  equator,  but  from  December  22  the  days  again  lengthen.  As  long, 
however,  as  we  remain  in  the  torrid  zone,  it  will  be  found  that  the  sun 
passes  through  the  zenith  twice  a  year.  .    ,   •  1 

Consider  now  an  observer  just  outside  the  torrid  zone,  say  in  latitude 
27°  N.  As  before,  on  March  21  the  sun's  daily  path  is  on  the  equator,  and 
he  rises  in  the  east  and  sets  in  the  west,  day  and  night  being  each  twelve 
hours.  But  from  March  21  to  June  21,  as  the  sun's  declination  increases, 
more  and  more  of  his  daily  journey  is  above  the  horizon,  and  the  day 
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lengthens,  his  amplitude  and  noonday  altitude  A  -i  • 
the  su„.e,  so,s,ioe  his  .,a,h  a^oveThf  llStn'^'i'''',  "^S/Ef 

arc  ^  U^c/  in  fig.  ,85.  pt 
now  the  longest  day,  anci  the 
arc  S  U  gives  the  greatest  noon- 
day altitude  for  an  observer  at 
his  position.     After  June  21 
the  sun  gradually  returns  to  the 
equator,  when  day  and  night 
are  again  equal.     From  Sep- 
tember 23  to  December  22  the 
sun  passes  below  the  equator, 
the  days  get  shorter  than  the 
nights,  and  the  diurnal  path 
above  the  horizon  changes  ftom 
LQWto/Gzc.'.    On  Decern- 
ber  22  the  day  is  shortest,  and 
the  sun  s  meridian  altitude  S  G 
IS  least.    After  this  date  the 
days  again  lengthen  as  the  sun 
returns  to  the  equator,  and  his 
daily  path  above  the  horizon 
again  increases. 

As  we  pass  into  higher  lati- 


^'th^'slTat^h?"^'''?'''"^  the  daily  path  of 
tne  bun  at  the  Equinoxes  and  Solstices  to 
an  observer  about  lat.  27°  N.      ^"'^"-"^es,  to 


tudes  than  that  just  described   thp  ^..-of    ^?      Pf  ^        higher  lati- 

when  .he  s„a  has  i.s  ^.S^l^^Z  1:^:^^^^^  ^iZ^iS^., 

and  f  nv,  the  path  above  the 
horizon  at  the  winter  solstice. 

As  we  get  nearer  the  poles 
the  sun's  daily  path  becomes 
more  and  more  parallel  to  the 
horizon,  until  at  the  pole  itself, 
where  the  equator  coincides 
with  the  horizon,   the  sun's 
daily  path  on  March  21  is  on 
the  horizon.    From  March  21 
to  June  21  an  observer  at  the 
pole  would  see  the  whole  of 
the  sun's  diurnal  circle  as  he 
passed  from  the  south  at  noon 
to  the  north  at  midnight,  and 
then  back  again  to  the  south 
on  the  following  noon.  These 
daily  journeys  would  be  per- 
formed on  circles  parallel  to 
the  horizon,  the  daily  parallels 
being  more  and  more  above 
the  horizon  until  a  distance  of 


Fig.  186.— Diagram  showing  the  daily  path  of 
the  bun  at  the  Equinoxes  and  Solstices,  to  an 
observer  at  the  pole. 


^-.10  r       ii.  horizon  until  a  distance  of 

fnL  xS;  was  reached,  when  the  path  is  represented  by  [  U 

in  tig.  m.    The  sun  would  then  turn  back  and  gradually  approach  "the 
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equator  again  during  the  next  three  months  of  daylight.  After  September 
23  the  sun  would  sink  below  the  equator  and  horizon,  and  there  would 
be  darkness  for  six  months. 

We  thus  see  how  the  annual  variations  in  the  sun's  decimation  cause  the 
varying  lengths  of  day  and  night,  cause  his  diurnal  path  and  meridian 
altitude  to  change,  and  thus  produce  in  our  latitude  the  change  from  the 
small  arch  of  low  altitude  seen  at  midwinter  to  the  large  arch  of  high 
altitude  seen  at  midsummer  (astronomically,  midwinter  is  the  beginning 
of  the  season  called  winter,  December  22  ;  midsummer  is  the  beginning  of 
the  season  called  summer,  June  21).    (See  also  par.  329.) 

315.  Effect  of  the  Earth's  Annual  Motion  round  the  ^^sxa  — Variations 
in  length  of  Day  and  Night.— have  in  the  preceding  paragraph  shown 
that  the  varying  height  of  the  midday  sun  causes  the  changes  in  its  ampli- 
tude, and  the  varying  length  of  day  and  night  by  speaking  as  if  the  sun 
moved  round  the  earth  in  a  year.  We  will  now  explain  these  phenomena 
by  speaking  of  the  earth's  real  annual  motion  round  the  sun  at  rest,  and 
show  that  these  phenomena  are  the  result  of  the  earth's  revolution  com- 
bined with  the  constant  inclination  of  its  axis  at  a  certain  angle.  During 
the  earth's  annual  revolution  round  the  sun  the  earth's  axis  remains  con- 


FiG.  187. — Showing^  how  the  Earth's  axis  keeps  its  direction  unchanged 
while  the  Earth  circles  round  the  Sun. 

stantly  parallel, '  for  the  mechanical  reason  that  a  spinning  body  maintains 
the  direction  of  its  axis  invariable  unless  disturbed  by  extraneous  force.' 
That  this  is  so  is  also  evident  from  the  fact  that  in  all  parts  of  its  orbit  the 
earth's  axis  points  in  the  same  direction,  that  is,  to  the  celestial  pole,  and 
only  parallel  lines  seem  to  meet  at  a  point  in  vast  distance.  (A  small 
periodic  change  in  the  direction  of  the  earth's  axis  due  to  the  action  of 
extraneous  force  will  afterwards  be  explained,  but  no  account  of  this 
need  be  taken  here. ) 

We  have  learnt  that  the  plane  of  the  earth's  equator  is  inclined  to  the 
plane  of  the  ecliptic  at  an  angle  of  about  23^°,  and  as  the  earth's  axis  is 
perpendicular  to  the  equatorial  plane,4t  must  be  inclined  from  the  perpen- 
dicular to  the  ecliptic  plane  at  an  angle  of  23^°.  In  other  words,  the 
earth's  axis  is  inclined  at  an  angle  of  665°  (90°  —  23^°)  to  the  plane  of  the 
ecliptic  itself.  It  follows,  therefore,  from  the  inclination  of  the  earth's  axis 
and  its  constant  parallelism,  that  at  certain  parts  of  the  earth's  orbit  round 
the  sun  one  end  of  the  axis  is  so  disposed  that  it  leans  towards  the  sun,  and 
in  other  parts  of  the  orbit  the  same  end  leans  away  from  the  sun.  At  two 
positions  of  the  orbit  the  axis  is  presented  exactly  sidewise  to  the  sun,  so 
that  neither  pole  then  inclines  towards  or  from  the  sun.  These  facts  are 
illustrated  in  fig.  188,  which  the  pupil  must  learn  to  reproduce,  keeping  the 
axis  in  each  position  of  the  earth  parallel. 
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At  any  position  of  the  earth  in  its  orbit,  a  line  joining  the  centres  of  the 
sun  and  earth  fixes  the  place  on  the  earth's  surface  which  has  the  sun 
directly  overhead  or  in  the  zenith.  At  the  positions  (i)  and  (3)  the 
boundary  between  light  and  darkness  runs  exactly  along  a  meridian  of  the 
earth  and  from  pole  to  pole,  so  that  as  the  earth  rotates  on  its  axis  in 
these  positions,  day  and  night  are  then  equal  in  all  parts  of  the  globe.  The 
earth  is  in  position  (l)  at  the  vernal  equinox,  and  in  position  (3)  at  the 
autumnal  equinox.  At  intermediate  positions  the  inclination  of  the 
earth's  axis  to  the  plane  of  the  ecliptic  causes  all  the  parallels  of  latitude  on 
the  earth,  except  the  equator,  to  be  cut  unequally  by  the  boundary-line  of 
light  and  darkness,  and  day  and  night  are  consequently  unequal,  the  day 
being  longer  than  the  night  in  the  Northern  Hemisphere  when  it  is 
shorter  in  the  Southern  Hemisphere,  and  vice  versa.  Position  (2)  is 
the  summer  solstice,  when  the  sun  is  vertical  to  places  23^°  north  of 
the  equator,  when  the  north  end  of  the  axis  is  most  inchned  to  the 
sun,  and  when  the  day  is  longest  in  the  Northern  Hemisphere,  and 
shortest  in  the  Southern.    Further,  it  is  plain  that  at  the  summer  solstice 


Fig.  188.— Earth's  Orbit,  with  Earth  at  Equinoxes  and  Solstices. 
The  four  seasons. 


the  nearer  we  approach  the  north  pole,  the  larger  will  be  the  portion  of 
the  parallel  of  latitude  remaining  in  the  light,  as  the  earth  rotates,  and  the 
longer  the  days ;  while  the  nearer  we  approach  the  south  pole,  the  less 
will  be  the  portion  of  a  parallel  in  the  light,  and  the  shorter  the  days. 
In  fact,  within  the  Arctic  Circle  at  the  summer  solstice  an  observer  is  never 
carried  out  of  light  by  the  earth's  rotation,  and  he  sees  the  midnight  sun 
due  north.  Within  the  Antarctic  Circle  an  observer  remains  in  darkness 
while  the  earth  rotates.  From  position  (2)  there  is  a  gradual  change  to 
position  (3),  after  which  the  sun  descends  below  the  equator  until  in 
position  (4),  the  winter  solstice,  it  is  vertical  over  places  23^°  S.  Here 
we  have  the  exact  opposite  state  of  affairs,  and  we  see  why  we  have  the 
short  winter  days  and  the  long  summer  days  in  the  British  Isles  and 
other  places  north  of  the  equator. 

These  considerations  again  help  us  to  see  how  the  series  of  changes 
each  year  in  the  sun's  declination  or  distance  from  the  equator  are  brought 
about  by  the  annual  revolution  of  the  earth  combined  with  the  inclina- 
tion of  the  earth's  axis  to  the  ecliptic  plane,  i.e.  with  the  inclination  of 
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the  plane  of  the  equator  to  the  plane  of  the  ecliptic.  And  the  annual 
changes  of  the  sun's  declination  causes  the  variations  of  the  sun's  ampli- 
tude or  distance  of  rising  and  setting  from  the  east  and  west  points 
throughout  the  year  ;  for  the  further  a  body  is  north  of  the  equator  to  an 
observer  in  the  Northern  Hemisphere,  the  greater  is  the  portion  of  its  daily 
circle  of  rotation  above  the  horizon,  and  the  further  does  it  rise  north  of 
east  and  set  north  of  west  ;  while  the  further  the  body  is  south  of  the 
equator,  the  shorter  is  it  above  the  horizon,  and  the  further  does  it  rise 
south  of  east  and  set  south  of  west.  At  the  equinoxes  the  sun's  amplitude 
is  m  all  parts  ;  at  the  solstices  the  sun  has  its  maximum  amplitude,  but 
this  varies  in  different  parts  of  the  earth,  increasing  with  the  latitude. 
The  greatest  amplitude  at  the  solstices  in  latitude  50°  (London  is  51^°  N.) 
is  38^°. 

So  important  is  the  proper  understanding  of  the  variation  in  the  length 
of  day  and  night  at  all  places  north  and  south  of  the  equator  (at  the 
equator  day  and-  night  are  always  of  12  hours  each,  as  this  parallel  is 
always  equally  divided  by  the  line  of  light  and  darkness),  that  we  will 
further  consider  the  four  chief  positions  of  the  earth  in  its  orbit.  The 
orbit,  is  of  course,  in  the  plane  of  the  ecliptic.  N  S  in  each  case  repre- 
sents the  axis  of  the  earth. 

Let  us  first  consider  the  position  C,  where  N,  the  north  pole,  is 
towards  the  sun.  and  for  this  purpose  we  use  a  separate  figure  (189).  In 
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Fig.  189 — Northern  Summer  and  Southern  Winter. 


this  figure,  ef  represents  a  plane  perpendicular  to  the  line  joining  the 
centres  of  the  sun  and  earth.  All  that  part  of  the  earth  on  the  side  oi  ef 
nearer  the  sun  is  illuminated  and  has  daylight ;  all  on  the  further  side  has 
darkness  and  night.  A  plane  perpendicular  to  the  axis  is  the  plane  of  the 
equator  E  Q.  The  circle  e  d  described  on  the  earth  passing  through  e,  the 
extremity  of  the  shadow,  is  called  the  Arctic  Circle.  We  see  that  a  place 
within  the  Arctic  Circle  never  loses  sight  of  the  sun,  never  entering  the 
shaded  half,  during  a  rotation  about  the  axis  N  S,  so  long  as  the  earth  and 
the  sun  are  in  the  positions  indicated  by  the  figure.  The  corresponding 
circle  f  g  in  the  Southern  Hemisphere  is  such  that  all  places  within  it  never 
see  the  sun  during  a  rotation,  the  conditions  being  the  same.  This  circle 
is  \he  Anlarctic  Circle.  The  circle  cv,  passing  through  the  point  c  directly 
under  the  sun,  is  called  the  Tropic  of  Cancer.  The  corresponding  circle 
gp  in  the  Southern  Hemisphere  is  the  Tropic  of  Capricorn.  (See  note, 
oar.  224.)  We  have  considered  the  effect  of  rotation  at  places  included 
in  the  Arctic  and  Antarctic  Circles  Between  the  Arctic  Circle  and  the 
equator  all  places  will  evidently  see  the  sun  for  more  than  half  a  rotation 
— i.e.  have  a  longer  day  than  night ;  for  more  than  one-half  of  each 
parallel  in  the  Northern  Hemisphere  is  in  the  light.  Between  the 
Antarctic  Circle  and  the  equator  the  reverse  will  be  the  case,  night  being 
longer  than  day.    The  sun  will  during  the  course  of  the  day  pass  over- 
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head  to  all  places  on  the  circle  cv.  All  this,  we  must  remember,  is 
while  the  earth  is  in  the  position  when  the  north  pole  is  most  inclined 
towards  the  sun.  y 

The  next  figure  (190)  shows  the  earth  at  the  opposite  side  of  the  orbit, 
where  the  two  hemispheres  are  just  reversed  in  all  respects  so  far  as  light 


Fig.  190.— Northern  Winter  and  Southern  Summer. 

from  the  sun  is  concerned.  Thus  within  the  Arctic  Circle  there  is  no  sun- 
light during  the  rotation  round  the  axis  ;  within  the  Antarctic  Circle  the 
sun  IS  not  lost  sight  of  during  the  rotation.  Between  the  equator  and  the 
Arctic  Circle  night  is  longer  than  day,  and  between  the  equator  and  the 
Antarctic  Circle,  day  is  longer  than  night. 

At  either  of  the  intermediate  positions  the  appearances  are  the  same 
In  these  two  positions  the  earth's  axis  is  perpendicular  to  the  line  joining 


Fig.  191. — Vernal  or  Autumnal  Equinox. 


the  centre  of  the  earth  and  sun,  as  we  see  by  a  figure  (191)  ;  and  here  we  see 
that  day  and  night  are  of  the  same  length  at  all  parts  of  the  earth.  These 
positions  are  called  the  equinoxes,  because  day  and  night  are  of  equal 
length.  The  first  two  positions  discussed  are  called  the  solstices.^  From 
solstice  to  equinox  the  appearances  above  described  change  gradually,  and 
so  from  the  equinox  round  to  the  other  solstice.  Thus  in  the  Northern 
Hemisphere  at  the  first  solstice  the  sun  at  midday  is  high  in  the  heavens, 
and  on  each  succeeding  midday  gets  lower  and  lower  ;  at  the  same  time 
the  day  shortens  and  the  night  lengthens  till  the  equinox,  when  they  are 
equal  in  length.  After  the  equinox  the  sun  is  still  lower  at  midday,  and 
now  the  nights  are  longer  than  the  days,  and  the  difference  increases  till 
the  other  solstice  is  reached.  Then  the  midday  sun  is  at  its  lowest  in  the 
heavens,  and  on  two  successive  days  seems  to  occupy  the  same  place — to 
stand  still,  as  it  were,  and  hence  the  name  solstice.  After  this  the  changes 
are  all  gone  through  back  again  till  the  other  solstice  is  reached,  and  then 
we  say  one  year  is  completed. 


*  Solstices  (Lat.  sol,  the  sun,  and  slai-e,  to  stand),  the  times  at  which 
the  sun  reaches  its  greatest  distance  from  the  equator,  because  it  then 
appears  to  stand  still  before  the  direction  of  its  motion  is  changed  towards 
the  equator  again. 


Length  of  Daylight 


275 


We  notice,  further,  that  all  places  within  the  Arctic  Circle  have  at  least 
one  clay  in  which  the  sun  never  sets,  and  one  in  which  it  never  rises.  The 
poles  themselves  see  the  sun  for  six  months  and  lose  it  for  six  months. 
Within  the  two  tropics  every  place  has  the  sun  overhead,  or  in  the  zenith,  at 
least  twice  a  year.  This  occurs  on  two  successive  days  at  the  tropics  them- 
selves, the  sun  rising  day  after  day  higher  and  higher,  till  it  becomes  vertical 
at  midday,  and  then  it  seems  to  '  turn  back ' — hence  the  name  tropic.  Out- 
side the  two  tropics,  and  below  the  Arctic  and  Antarctic  Circles,  we  have 
two  zones  which  have  appearances  lying  between  the  two  last  described, 
for  they  never  have  a  vertical  sun,  nor  a  day  in  which  the  sun  fails  to  rise 
or  set. 

The  following  table  shows  the  longest  duration  of  sunlight — i.e.  the 
longest  day  at  diiferent  latitudes : — 


Latitude. 
0°  (Equator) 
10° 
20° 


50° 


j2h 
I3h 


13'*  56" 

i6h 


Latitude. 
60°         .        .        .18''  30™ 
66°  33'  (Arctic  Circle)  24I'  o-" 
70°      .         .       .2  months 
80° 

90°  (Pole)  . 


4j  months 
6  months 


We  add  a  diagram  to  illustrate  these  different  lengths  of  the  longest 
day  at  every  10°  of  latitude  in  the  Northern  Hemisphere  when  the  north 


6  mos.  at  90° 

4i  mos.  at  80° 
2  mos.  at  70° 

18I1  30m  at  60° 

i6h  3m  at  50° 

i4h  51m  at  40° 

i3h  56m  at  30° 
1311  13m  at  20° 
i2h  35m  at  10° 
,  12I'  cm  at  0° 


Fig.  T99. 

end  of  the  earth's  axis  is  most  inclined  to  the  sun.  The  length  of  the 
longest  night  in  winter  is  the  same  as  that  of  the  longest  day  in  summer. 

'  A  simple  way  of  illustrating  the  height  of  the  midday  sun  at  different 
parts  of  the  year  is  shown  in  figs.  198,  199.  A  line  drawn  from  the  centre  of 
the  earth  through  the  situation  of  any  particular  place  passes  to  the  zenith 
of  that  place,  and  a  line  from  the  centre  of  the  earth  to  the  sun  will  show  thus 
the  angle  separating  the  sun  from  the  zenith,  i.e.  the  zenith  distance.  The 
zenith  distance  of  the  sun  subtracted  from  90"  gives  its  altitude.  The  less 
the  zenith  distance,  therefore,  the  greater  is  the  altitude.  In  the  figures 
the  letter  L  represents  the  latitude  of  London,  and  Z  indicates  its  zenith. 
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316.  Distribution  of  Light  and  Heat  on  the  Earth. — That 
half  of  the  earth's  surface  which  is  turned  towards  the  sun 
receives  hght  and  heat  from  it ;  the  other  half  is  in  darkness. 

The  light,  and  especially  the  heat,  derived  from  the  sun  at 
any  place,  are  greatest  when  the  sun  is  highest  in  the  heavens, 
and  can  therefore  send  its  rays  more  nearly  perpendicular  to 
the  ground.    There  are  two  reasons  for  this  : — 

(1)  When  the  sun  is  higher  the  rays  from  it  pass  through 
less  of  the  earth's  atmosphere,  and  so  less  heat  is  absorbed  by 
that  atmosphere  before  they  reach  the  ground. 

(2)  When  the  sun  is  higher  the  number  of  rays  received 
by  any  particular  piece  of  ground  is  greater  than  when  the  sun 
is  lower,  i.e.  the  quantity  of  heat  received  by  a  square  yard  of 
ground  increases  as  the  sun's  altitude  increases.  This  is  the 
main  reason  for  the  increased  heating  power  of  more  per- 
pendicular rays. 


By  a  figure  in  connection  with  par.  211  we  have  seen  how 
both  these  reasons  combine  to  cause  an  increase  in  the 


A  B 
Fig.  193. — Showing  the  difference  in  the  distribution  of  the  sun's  rays  at  London  at 
midsummer  (A)  and  at  midwinter  (B).    The  zenith  distance  of  the  sun  at  noon  is  about 
28°  at  midsummer  in  the  latitude  of  London,  and  about  75°  at  midwinter.    Its  altitude 
is  therefore  90°  —  28°  =  62°  in  the  former  case,  and  90°  —  75°  =  15'^  in  the  latter  case. 


heating  power  of  the  sun's  rays  as  we  approach  the  equator. 
The  reader  should  again  consider  the  paragraph  carefully 
(see  also  pars.  212  and  213).  Fig.  194  is  drawn  for  one  of 
the  equinoxes,  and  it  is  now  easily  seen  how  at  the  summer 
solstice,  when  the  Northern  Hemisphere  is  more  inchned 
towards  the  sun  than  at  an  equinox,  any  area  north  of  the 
equator  will  receive  its  supply  of  the  sun's  rays  more  perpen- 
dicularly than  at  an  equinox.    In  winter  the  rays  will  fall 
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more  obliquely,  and  their  strength  will  be  weakened.  Fig. 
193  shows  the  different  angles  at  which  the  sun's  rays  strike 
the  earth  on  June  21  and  December  22,  and  it  also  illustrates 
the  unequal  distribution  of  an  equal  band  of  rays  a  at  the^e 
two  angles. 

But  there  is  still  another  cause  that  effects  the  temperature 
of  the  various  parts  of  the  earth  at  different  periods  of  the 
year,  for  it  must  be  plain 
that  the  length  of  the 
day,  or  the  time  which 
the  sun  remains  above 
the  horizon,  has  great 
influence.  While  the  sun 
is  shining,  those  parts  of 
the  globe  exposed  to  his 
rays  are  receiving  heat ; 
after  the  sun  has  set,  these 
parts  are  losing  heat,  the 
heat  passing  away  by 
radiation  into  space. 
Hence  places  are  most  fig.  194. 

heated  when  the  days  are  longest.  The  more  distant  a  place 
is  from  the  equator  the  greater  is  the  difference  between  the 
length  of  its  days  and 
nights,  and  the  greater 
will  be  the  variation  of 
its  temperature  during 
the  year.  Although  we 
receive  most  heat  in 
twenty-four  hours  at  the 
time  of  the  summer 
solstice,  this  is  not  the 
hottest  time  of  the  year. 
The  maximum  tempera- 
ture at  any  place  usually 
occurs  at  the  end  of 
July,  because  during  most  F"^-  igs- 

of  the  summer  the  heat  received  from  the  sun  during  the 
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day  is  in  excess  of  that  lost  by  radiation  during  the  night, 
and  so  the  temperature  goes  on  increasing  until  the  loss  by 

night  is  just  equal  to  the 
gain  by  day.  (So  the 
greatest  heat  of  any  day 
is  not  until  about  two 
hours  after  noon,  when 
the  gain  and  loss  each 
minute  is  balanced.)  In 
autumn  the  loss  by  night 
begins  to  be  greater  than 
the  gain  by  day.  The 
minimum  temperature  of 
the  year  occurs  when  the 
gain  by  day  again  be- 
FiG.  196.  comes  equal  to  the  loss 

by  night,  and  this  happens  about  the  end  of  January. 

Some  of  the  facts  set  forth  in  this  and  the  preceding 
paragraph  are  well  shown  in  a  different  way  in  figs.  194  to  197. 

These  figures  show  how  the  earth  is  presented  to  the  sun 
at  the  four  seasons,  or  four  chief  positions  of  its  orbit.  They 

are  sun-views  of  the  earth, 
such  as  an  observer  on 
the  surface  of  the  sun 
might  obtain.  At  the 
vernal  equinox  sunlight 
reaches  from  pole  to  pole, 
and  every  place  would 
be  seen  to  pass  straight 
across  as  the  earth  ro- 
tates from  west  to  east, 
each  place  being  twelve 
hours  in  sunlight  and 
twelve  hours  in  darkness. 
Fig.  197.  Day  and  night  are  thus 

equal.  As  the  earth  moves  on  in  its  orbit  round  the  sun  in 
the  direction  of  the  large  arrow  passing  through  the  earth 
and  with  its  axis  unchanged  in  direction,  a  little  consideration 


WINTER  SOLSTICE. 


DECEMBER. 21 


AT.  12.  MIDDAY 


GREENWICH 
SOLAR  TIME 
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will  show  that  the  parts  round  the  north  pole  will  gradually 
come  into  greater  view,  while  the  parts  round  the  south  pole 
will  pass  out  of  view.  When  the  earth  has  reached  the  position 
of  the  summer  solstice  at  midsummer,  we  see  that  the  aspect  it 
presents  to  the  observer  on  the  sun  is  greatly  changed. 


■SUN 


e    •  „  Autumn. 
Spring. 

Fig.  108.— Diagram  showing  the  equality  of  the  Sun's  Zenith-distance  at  the  two 
Equino.xes.    Angle  Z  C  S  (sun)  =  zenith  distance. 

Places  in  the  Northern  Hemisphere  remain  in  view  more  than 
twelve  hours,  for  the  rotating  earth  carries  them  round  on  a 
curved  path,  the  curve  being  bent  downwards  as  the  equator 
and  other  circles  of  latitude  are  seen  to  be.  England  is  seen 
to  be  well  down  towards  the  centre  of  the  illuminated  half 


Summer.  Winter. 
Fig.  igg.— Diagram  showing  the  difference  between  the^  Sun's  Zenith-distaiice  at  the 
Soli  '   "       '  '      •    "  ^         ^        .,r        _  ^ 


two  Solstices  at  the  latitude  of  London, 
altitude. 


Angle  Z  C  S  subtracted  from  90°  gives  the 


of  the  earth,  and  the  sun's  rays  are  therefore  received  more 
vertically  than  at  the  vernal  equinox,  and  it  appears  larger 
to  the  supposed  spectator  on  the  sun.  Places  within  the 
Arctic  Circle  go  round  and  round  as  the  earth  rotates  without 
passing  out  of  sunlight,  while  places  near  the  south  pole  are 
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never  brought  into  light,  so  that  the  ^sun  never  sets  in  arctic 
regions,  and  never  rises  in  the  antarctic  regions.  There  i^  a 
'  midnight  sun '  in  the  north  part  of  the  sky  beyond  latitude 
66i°  N.  At  the  autumnal  equinox  matters  are  the  same 
as  when  the  earth  was  at  the  vernal  equinox.  At  the  winter 
solstice  the  region  round  the  north  pole  is  turned  away  from 
the  sun,  and  the  region  round  the  south  pole  enjoys  continuous 
sunlight.  Places  north  of  the  equator  follow  the  paths  in- 
dicated, and  are  less  than  twelve  hours  in  sunlight,  while  places 
south  of  the  equator  are  more  than  twelve  hours  in  sunlight. 
England  now  receives  the  sun's  rays  so  obliquely  and  lies  so 
near  the  edge  of  the  illuminated  half  of  the  earth,  that  it  cannot 
be  properly  represented  on  so  small  a  figure. 

It  will  be  noticed  that  the  middle  of  the  illuminated  half 
of  the  earth  is  alternately  north  and  south  of  the  equator,  and 
the  sun  at  noon  is  therefore  twice  in  the  zenith  at  the  equator 
— once  at  the  vernal  equinox  and  once  at  the  autumnal 
equinox.  Between  the  vernal  equinox  and  the  autumnal 
equinox  he  is  twice  in  the  zenith  at  noon  to  places  as  far 
north  as  the  Tropic  of  Cancer.  Between  the  autumnal 
equinox  and  the  vernal  equinox  he  is  twice  overhead  at 
noon  to  places  south  of  the  equator  as  far  as  the  Tropic  of 
Capricorn.    In  other  latitudes  he  is  never  seen  in  the  zenith. 

317.  The  Seasons.—Remembering  how  the  effect  of  the 
sun's  heat  on  any  part  of  the  earth's  surface  depends  on  its 
height  in  the  heavens,  and  the  length  of  time  it  shines,  and 
remembering  also  the  explanation  of  the  different  lengths  of 
night  and  day,  we  shall  easily  explain  the  succession  of  the 
seasons. 

Considering  either  hemisphere,  say  the  northern,  we  take 
the  position  of  the  earth  at  that  solstice  when  the  north  pole  is 
most  turned  towards  the  sun.  There  are  now  long  days  and 
short  nights,  and  the  sun  is  higher  in  the  heavens  at  midday, 
and  thus  for  both  reasons  it  is  warm  in  this  hemisphere ;  in 
fact,  it  is  midsummer.  Summer  lasts  until  the  earth  reaches 
the  equinox,  nights  and  days  being  now  equal,  and  autumn 
begins.  Autumn  lasts  till  the  other  solstice  is  reached.  Then 
it  is  midwinter,  being  cold,  for  nights  are  at  their  longest,  days 


Fig.  200. 
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being  shortest,  and  the  midday  sua  is  at  its  lowest.  Winter 
lasts  till  the  next  equinox,  and  then  it  is  spring.  Spring  lasts 
from  this  equinox  to  the  summer  solstice.  As  the  Northern 
and  Southern  Hemispheres  are  reciprocal  in  the  lengths  of 
their  days  and  nights,  we  see  that  the  seasons  will  be  reciprocal. 
Thus  when  it  is  summer  in  the  Northern  Hemisphere  it  is 
winter  in  the  Southern.  When  spring  in  the  Northern  it  is 
autumn  in  the  Southern,  and  vice  versd. 

We  may  notice  that  between  the  two  tropics  the  midday 
sun  is  always  very  high  in  the  heavens,  and  the  nights  are 
never  much  longer  than  twelve  hours ;  thus  it  is  always  hot 
there — a  perpetual  summer — and  this  zone  or  belt  of  land  is 
therefore  called  the  Torrid  Zone.  At  places  included  in  the 
Arctic  and  Antarctic  Circles  the  sun  never  rises  high,  and 
though  this  in  summer  is  somewhat  compensated  for  by  the 
long  days,  still  it  is  always  cold  there — a  perpetual  winter — 
and  hence  the  zones  are  called  respectively  the  North  and 
South  Frigid  Zones.  Between  the  North  Frigid  Zone  and 
Torrid  Zone  we  have  the  North  Temperate  Zone,  and  between 
the  South  Frigid  Zone  and  Torrid  Zone  we  have  the  South 
Temperate  Zone.  In  these  Temperate  Zones  the  winters  are 
neither  very  cold  nor  the  summers  very  hot;  hence  their 
names.  And  it  is  in  these  zones  that  the  seasonal  changes 
are  most  marked. 

Figure  200  shows  different  positions  of  the  earth  in  its  orbit 
as  seen  from  above  the  ecliptic  plane,  thus  illustrating  the 
change  of  seasons  throughout  a  year.  The  figure  is  drawn  for 
the  Northern  Hemisphere,  the  figure  for  the  Southern  being 
similar,  the  seasons  being  reciprocal  to  the  former.  It  will  be 
instructive  for  the  pupil  to  begin  at  the  bottom  of  the  figure, 
where  the  earth  is  seen  in  the  position  it  occupies  about  March 
2 1  (when  both  poles  are  equally  distant  from  the  sun),  and  to 
follow  the  earth  through  its  monthly  changes,  noticing  the 
boundary  of  the  enlightened  hemisphere  in  the  successive 
periods  as  the  earth  revolves  on  its  axis,  and  at  the  same  time 
makes  its  yearly  revolution  round  the  sun. 

It  will  be  noticed  that  the  winter  solstice  occurs  very  near 
the  perihelion,  and  the  summer  solstice  near  the  aphelion; 
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thus,  in  the  winter  of  the  Northern  Hemisphere  the  earth  is 
nearest  the  sun,  and  in  summer  furthest  from  the  sun.  For 
the  Southern  Hemisphere  the  earth  then  is  nearest  m  summer 
and  furthest  away  in  winter.  As  it  is  warmer  the  nearer  we 
are  to  the  sun,  the  southern  summer  will  be  s hght  y  hotter 
than  the  northern  one,  and  the  southern  winter  slightly  colder 
than  the  northern  one.  This  difference  of  distance  is  small, 
and  the  resulting  difference  in  climate  is  small,  and  may,  more- 
over, be  masked  by  local  causes,  as  the  prevalence  of  hot  or 
cold  winds  and  ocean  currents.  The  different  months  are 
marked  in  the  figure,  and  we  see  winter  lasts  durmg  January, 
February,  March ;  spring  during  April,  May,  June  ;  summer 
during  July,  August,  September  ;  and  autumn  durmg  October, 
November,  December.  The  exact  durations  of  the  seasons 
we  get  by  knowing  the  dates  of  the  equinoxes  and  solstices. 

(We  remember  that  perihelion  occurs  January  i,  and 
aphelion  on  July  i.) 

The  Vernal  or  Spring  Equinox  is  on  March  21,  and  Spring  begins. 
The  Summer  Solstice  is  on  June  22,  and  Summer  begms. 
The  Autumnal  Equinox  is  on  September  23,  and  Autumn  begins. 
The  Winter  Solstice  is  on  December  22,  and  Wmter  begms. 

Finding  the  intervals  between  these  dates,  we  shall  learn 
that  the  seasons  are  of  unequal  length.  Winter  is  about  4* 
days  shorter  than  summer  in  our  hemisphere.  We  say 
'about,'  because  to  be  quite  accurate  we  should  give  the 
exact  time  on  the  above  dates  Avhen  each  season  begins,  for 
spring  begins  at  the  moment  the  sun  reaches  the  vernal 
equinox  on  March  21 ;  summer,  the  moment  the  sun  reaches 
the  summer  solstice  on  June  21,  and  so  on.  The  four 
seasons  are,  in  fact,  the  periods  into  which  the  year  is  divided 
by  the  equinoxes  and  solstices.  Their  lengths  at  present  are 
to  the  fraction  of  an  hour — 

Winter.  Autumn.  Spring.  Summer. 

89  d.      h.  89  d.  18J  h.       92  d.  20|  h.  93      142  h. 

Spring  and  summer  together,  when  the  sun  is  north  of  the 
equator,  are  thus  about  seven  days  longer  than  autumn  and 
winter.  What  is  the  cause  of  this  inequality  in  the  length  of 
the  seasons  ? 
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Fig.  201  is  a  representation  of  the  earth's  orbit  with  the 
elhpse  exaggerated.  The  two  equinoctial  and  the  two 
solstitial  points  divide  the  orbit  or  ecliptic  into  four  equal 
portions  90°  apart,  but,  owing  to  the  varying  speed  of  the 
earth  in  its  orbit  (travelling  more  quickly  the  nearer  it  is  to 
the  sun,  and  the  more  slowly  the  more  distant  it  is),  these  equal 
portions  are  not  described  in  equal  times.  The  iine  through 
the  sun  in  one  focus  of  the  ellipse  from  the  spring  equinox, 
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0°,  to  the  autumnal  equinox,  180°  and  the  line  at  right  angles 
joining  the  two  solstices  divide  the  area  of  the  figure  into  four 
unequal  quadrants,  and  the  areas  of  the  quadrants  being 
unequal,  Kepler's  second  law— that  the  radius  vector  or  line 
joining  the  earth  and  sun  sweeps  over  equal  areas  in  equal 
times— shows  that  the  times  in  which  the  sun  describes  them 
are  unequal  and  proportional  to  the  areas. 

Summary  of  the  Effects  of  the  Rotation  and  Revolution 
of  the  Earth. 

Rotation  causes  the  risings  and  settings  and  daily  np- 
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parent  motions  of  the  sun  and  stars,  and  thus  causes  day  and 
night. 

Revolution  causes  the  sun  to  appear  to  move  eastward 
amongst  the  stars  through  the  twelve  signs  of  the  zodiac,  and 
thus  stars  rise  about  four  minutes  earlier  on  successive  nights. 
It  also  produces  the  yearly  changes  in  the  sun's  Right  Ascension. 

Revolution,  cojiibined  with  the  inclination  of  the  planes  of  the 
equator  and  ecliptic  {i.e.  the  inclination  of  the  earth's  axis) 
causes  the  yearly  variations  in  the  sun's  declination  (i.e.  the 
varying  height  of  the  midday  sun),  the  difference  in  length 
of  the  days  and  nights,  and  thus  causes  the  succession  of  the 
seasons. 

Rotation  gives  us  the  length  of  the  day ;  revolution  gives 
us  the  length  of  the  year. 

Different  Kinds  of  Year— A  year  is  the  period  of  the  earth's  revolution 
about  the  sun  from  a  certain  position  back  again  to  the  same. 

The  Sidereal  Year  is  the  time  taken  by  the  sun  in  completmg  a  revolu- 
tion from  a  given  star  or  other  fixed  point  to  the  same  star  agam.  Its 
length  is  365-256  mean  solar  days.  The  sidereal  year  is  the  time  of  the 
true  orbital  revolution  of  the  earth.  ,  .  ,    ,  ^  i  ^ 

The  Tropical  or  Equinoctial  Year  is  the  time  which  the  sun  takes  to 
pass  from  vernal  equinox  to  vernal  equinox  again.  As  the  vernal  equinox 
advances  50-2"  each  year  to  meet  the  sun,  the  tropical  year  is  about  20 
minutes  shorter  than  the  sidereal  year.    Its  length  is  365-242  mean  solar 

^^^For  ordinary  purposes  a  year  containing  a  fraction  of  a  day  would  be 
inconvenient,  and  so  the  civil  year,  or  the  year  of  the  calendar,  is  some 
whole  number  of  days,  generally  365  days,  which  is  rather  less  than  a 
tropical  year.  But  we  want  the  seasons,  which  are  determined  by  the 
tropical  year,  to  always  occur  at  the  same  parts  of  the  civil  year,  and 
therefore  we  try  to  bring  these  two  years  into  agreement. 

The  difference  amounts  to  nearly  a  quarter  of  a  day,  hence  every  four 
years  we  have  a  leap-year,  containing  366  days,  the  ordinary  years  con- 
taining 365  days.  But  the  difference  is  not  quite  a  quarter  of  a  day,  and 
hence  in  400  years  we  omit  three  of  such  leap-years,  and  make  these 
ordinary  years  of  365  days.  This  makes  the  average  length  of  the  year 
almost  exactly  what  it  should  be,  viz.  365-2421  days.  Therefore  every 
year  has  365  days,  except  every  fourth  year,  which  is  such  that  its  number 
is  divisible  by  four,  and  this  has  366  days,  except  again  that  those  centuries 
which  are  not  divisible  by  400  have  only  365  days.  Thus  1884,  1864, 
1840  were  leap-years,  and  so  were  1600,  1200,  800;  but  iSoo,  1700  were 
not,  and  1900  will  not  be  a  leap-year. 

The  Anomalistic  Year  has  for  its  starting-point  the  perihelion  of  the 
earth's  orbit,  and  is  therefore  the  time  between  the  two  successive  passages 
of  the  perihelion  by  the  earth.  As  perihelion  point  moves  eastward  or 
backward  each  year  about  1 1  -25",  this  year  is  nearly  5  minutes  longer  than 
the  sideie.il  year.    Its  length  is  365-259  mean  solar  days. 
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The  relative  magnitudes  of  the  three  kinds  of  astronomical  year  may 
be  thus  stated  to  the  nearest  second  of  mean  solar  time  :  

Sidereal  year       =  360°  =  365  d.  6  h,  9  m.  9  s 

Tropical  year  =  360°  -  50-2"  =  365  d.  5  h.  48  m.  46  s.  ^ 
Anomalistic  year  =  360°  +  1 1-5"  =  365  d.  6h.  13  m.  48  s. 
318.  Effects  of  a  Change  of  Angle  between  the  Equator  and  the 
Echptic.— Any  change  of  this  angle  means,  of  course,  a  change  of  inclina- 
nation  in  the  earth's  axis.  If  the  earth's  axis  had  been  perpendicular  to 
the  plane  of  its  orbit,  the  plane  of  its  equator  would  have  coincided  with 
the  plane  of  the  ecliptic,  day  and  night  would  have  been  of  equal  length 
at  everyplace  throughout  the  year,  and  there  would  have  been  no  diversity 
of  seasons  (The  axis  of  the  planet  Jupiter  is  almost  perpendicular  to  its 
orbit.)  If  the  inclination  of  the  earth's  axis  had  been  greater  than  it  is 
the  sun  would  recede  farther  from  the  equator  on  the  north  side  in  summer' 
and  farther  on  the  south  side  in  winter.  A  larger  part  of  the  earth  would 
thus  be  in  tropical  regions  and  have  the  sun  overhead  twice  a  year,  and  a 
larger  pa,rt  would  also  be  in  arctic  regions,  with  at  least  one  day  without 
any  sunrise.  Seasonal  differences  and  changes  in  the  length  of  the  day 
would  thus  be  increased.  With  an  inclination  of  45°,  the  tropical  zones 
would  extend  45°  on  each  side  of  the  equator,  and  the  temperate  zones 
would  disappear,  for  the  rest  would  be  two  arctic  zones.  Further  increase 
of  inclination  would  lead  to  an  extension  of  the  zones  on  each  side  of  the 
equator  where  the  sun  would  be  overhead  twice  a  year,  and  a  further 
extension  of  the  regions  where  the  sun  would  remain  above  the  horizon 
in  summer  and  below  the  horizon  in  winter  for  one  or  more  days.  The 
great  extremes  of  temperature  in  these  latter  regions  would  be  very 
mimical  to  animal  and  vegetable  life.  Were  the  axis  of  the  earth  parallel 
to  the  plane  of  its  orbit,  the  poles  of  the  equator  would  be  situated  in  the 
ecliptic ;  the  seasonal  changes  would  be  extreme,  every  part  being  in  turn 
tropical  and  arctic. 


Fig.  202. — Egyptian  Obelisk  used  as  a  Gnomon 
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CHAPTER  XVII. 

TELESCOPES— LIGHT,  SUN,  MOON,  ECLIFSES—THE 
CELESTIAL  GLOBE,  ETC. 

■^iq  The  Telescope.-The  astronomer's  chief  instrument  is 
the  telescope.  Two  parts  are  necessary  in  every  telescope: 
a  lens  or  a  mirror  to  collect  the  light  and  form  a  real  image 
of  the  object  looked  at,  and  an  eye-piece  to  examme  and 
magnify  this  image.  These  two  essential  parts  are  enclosed 
in  a  tube,  to  shut  out  side  rays. 

The  Astronomical  or  Refracting  Telescope  in  its  simplest  form  consists 
of  a  laree  double  convex  lens  called  the  oijeci-g/ass,  and  a  smaller  lens 
.  5.  on^  rPnrP.f.nts  the  arrancement  of  the  lenses  and 


A 

— 

— --^^^^^ 

Fig.  203. 

the  paths  of  the  rays  of  light  in  such  a  telescope.  The  rays  from  the  dis- 
tant object  A  B  pass  through  the  object-glass,  and  are  so  bent  or  refracted 
that  the  converging  rays  form  an  inverted  image  of  the  object  at  ad. 

This  image  is  examined  through  the  eye-piece  O,  which  acts  as  a 
magnifying  glass,  and  forms  an  enlarged  image  of  a  1^  at  c  ci.    The  Ulu- 
minating  power  of  a  telescope  depends  on  the  area  of  the  object-glass.  If 
it  is  a  thousand  times  greater  than  the  area  of  the  pupil  of  the  eye,  it 
collects  a  thousand  times  more  light,  and  thus  forms  an  image  a  thousand 
times  brighter  than  the  unaided  eye  v/ould.    Hence  it  enables  us  to  see 
further  into  space,  and  brings  into  view  objects  invisible  to  the  naked  eye. 
But  the  brightness  of  the  image  is  somewhat  diminished  by  the  light  that 
is  lost  in  passing  through  the  lens,  and  it  is  further  diminished  by  the  eye- 
piece, which  spreads  the  light  over  the  magnified  image  that  it  forms  of 
the  first  image;  for  the  work  of  the  eye-piece  is  to  magnify  the  image 
formed  by  the  object-glass,  and  this  increase  of  apparent  size,  or  magnifi- 
cation, virtually  brings  us  nearer  the  object.   The  magnifying  power  of  the 
eye-piece  is  measured  by  the  increase  in  the  width  of  the  angle  which  is 
subtended  at  the  eye  by  the  image  c  d  over  that  which  is  subtended  by  the 
object  A  B.    It  may  also  be  estimated  by  dividing  the  focal  .length  of  the 
object-glass  by  the  focal  length  of  the  eye-piece.    The  focus  of  a  lens  or 
mirror  is  the  point  in  which  the  converged  rays  of  light  meet  and  are 
collected  after  being  refracted  or  reflected.    The  focus  of  parallel  rays  is 
called  the  principal  focus,  and  the  distance  of  this  point  from  the  centre 
of  the  lens  is  called  the  focal  length.    If,  then,  the  focal  length  of  the 
dbject-glass  be  60  inches,  and  that  of  the  eye-piece  be  three-quarters  of 
an  inch,  the  magnifying  power  would  be  80. 
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The  object-glass  of  the  astronomical  telescope  does  not  consist  of  a 
single  lens  as  shown  in  fig.  203,  as  such  a  lens  cannot  bring  all  the  rays 
which  come  from  a  point  to  a  single  focus.  Accordingly  the 
image  formed  by  such  a  lens  has  coloured  fringes.  To  get  rid 
of  this  'chromatic  aberration,'  as  it  is  called,  a  compound 
lens,  formed  of  two  lenses  of  unequal  dispersive  materials, 
is  used.  Such  an  achromatic  lens  (Gr.  a,  not ;  chroma,  colour) 
is  shown  in  fig.  204,  A  is  a  concavo-convex  lens  of  flint 
glass,  and  B  a  double  convex  lens  of  crown  glass. 

In  all  telescopes  the  tube  containing  the  eye-piece  is  made 
to  slide  in  the  tube  containing  the  object-glass,  so  that  the 
eye  can  be  brought  to  see  the  image  at  the  distance  of  distinct 
vision.  Fig.  205  shows  a  small  telescope  mounted  on  a 
pillar-and-claw  stand,  so  as  to  be  placed  at  any  altitude  and  at  any 
azimuth.    A  B  is  the  tube  containing  the  eye-piece  at  A.    It  can  be  made 


Fig.  204. 


Fig.  205. — Small  Telescope  on  pillar-and-claw  stand. 

to  slide  in  the  tube  C  D  by  means  of  a  milled  screw-head  at  H.  At  D  is 
the  object-glass  or  objective. 

Eefleoting  Telescope. — In  a  reflecting  telescope  a  highly  polished 
mirror  takes  the  place  of  the  object-glass  in  the  refracting  telescope. 


Fig.  206. 

Herschel's  form  of  reflecting  telescope  is  shown  in  the  figure.  Rays  of 
light  from  a  distant  object  pass  into  a  tube,  at  the  further  end  of  which  a 
concave  mirror  M  is  placed.  These  rays  are  reflected  by  the  mirror  and 
form  an  image  at  a  b.    The  mirror  being  slightly  tilted  throws  the  image 
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to  the  side  of  the  tube.    By  means  of  the  eye-piece  0  this  image  is  examined, 

^'V-'B^Sof  Inf  ReJ^^^  of  Light-Light  is  .  radiated  from 
himinous  bodies  in  straight  lines.  The  rectilinear  propagation  of  r^dia  ion 
is  proved  by  our  inability  to  see  round  a  corner,  by  the  fact  that,  if  a 
number  of  similar  objects  be  placed  in  a  straight  line,  the  nearest  one  hides 
the  others,  and  by  the  forms  of  shadows  corresponding  exactly  with  that  ot 
the  object  as  received  from  the  light-giving  body.  From  smooth  polished 
surfaces,  either  plane  or  curved,  light  is  thrown  back  or  reflected  in  a  regular 
manner.  If  the  light  falls  upon  a  polished  surface  perpendicularly,  it  is 
reflected  along  the  path  through  which  it  came  ;  if  a  ray  strike  a  polished 
surface  obliquely,  it  is  reflected  obliquely,  and  the  angle  oj  incidence  is  equal 
to  the  angle  of  reflection,  and  is  in  the  same  plane. 


Fig.  207. — Reflection  of  a  Ray  of  Light. 


This  lav/  may  be  illustrated  by  a  simple  piece  of  apparatus.  A  cara- 
board  semicircle  is  divided  into  degrees.  A  piece  of  polished  glass  or 
bright  metal,  L,  is  placed  at  the  centre,  and  a  ray  of  light,  M  N,  is  deflected 
by  a  mirror,  M,  so  as  to  meet  the  mirror  at  the  foot  of  the  perpendicular 
O  N.  It  is  then  found  to  be  reflected  along  N  R,  and  the  angle  O  N  M  will 
be  found  to  contain  the  same  number  of  degrees  as  O  N  R.  A  ray  sent 
along  O  N  is  reflected  along  N  O. 

In  plane  mirrors  the  image  of  any  object  reflected  appears  to  be  as  far 
behind  the  mirrcft-  as  the  object  is  in  front  of  it,  and  the  right  and  left  hands 
are  laterally  inverted. 

Curved  mirrors  also  reflect  light ;  and  a  concave  spherical  mirror  reflects 
the  light  proceeding  from  every  point  of  an  object,  so  as  to  bring  the  rays 
together  to  a  focus  or  point  in  front  ;  and  as  every  point  of  the  object  is 
thus  reflected,  an  image  of  the  object  results.  It  is  in  this  way  that  the 
image  of  a  distant  object  is  formed  in  Herschel's  reflecting  telescope  (par. 
319). 

When  light  passes  obliquely  from  one  transparent  medium  (a  medium 
is  a  substance  through  which  rays  pass,  as  air,  water,  glass)  into  another  of 
different  density,  it  is  bent  aside.  This  change  of  direction  is  termed  the 
refraction  of  light.  Passing  from  a  rarer  into  a  denser  medium,  it  is  bent 
towards  the  perpendicular  from  the  surface  of  the  denser  medium.  Thus 
L  A,  the  incident  ray  from  the  candle  L,  on  meeting  the  surface  of  the 
water,  is  bent  in  the  direction  A  K,  the  angle  of  incidence,  LAB,  being 
unequal  to  the  angle  of  refraction  K  A  C  ;  but  for  any  two  media  the  ratio 
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Fig.  208. — Refraction  of  Light. 


of  one  angle  to  the  other  is  regular.  In  more  technical  language,  we  may 
say  that  when  a  ray  of  light  j^asses  from  one  transparent  medium  to  another, 

the  sine  of  the  aitgle  of  incidence  always  baprs 
a  constant  ratio  to  the  sine  of  the  angle  of  r,- 
Jraction.  The  number  expressing  this  ratio 
is  called  the  ijidex  of  refractio7i ;  from  air  to 
water  the  index  of  refraction  is  |,  from  air  to 
flint  glass  \.  Refraction  explains  the  bent 
appearance  of  a  stick  partly  immersed  in 
water,  as  well  as  the  visibility  of  a  heavenly 
body  for  a  short  time  after  it  has  set.  Lenses 
can  be  so  formed  that  the  light  proceeding 
from  the  various  points  of  an  object  through 
the  lens  is  refracted  and  collected  to  corre- 
sponding points  behind  it,  and  thus  a  perfect 
image  of  the  object  is  produced  as  just  explained  in  speaking  of  the 
astronomical  telescope.  Further  explanation  of  this  will  be  given  in  the 
advanced  course. 

321.  Analysis  of  White  Light  — The  Spectrum.— A  wedge-shaped 
piece  of  glass,  or  other  transparent  substance,  forming  a  solid,  with  two 
faces  inclined  to  each  other,  forms  a  prism.  Li  section  such  a  solid  appears 
as  a  triangle.  If  a  ray  of  white  light  be  passed  through  a  prism,  it  is 
analyzed  or  decomposed  into  a  luminous  band  of  seven  colours,  termed  a  pris- 
matic spectrjim.^  These  colours  are  red,  orange,  yellow,  green,  blue,  indigo, 
and  violet.  This  decomposition  of  white  light  into  various  colours  is  called 
the  dispersion  of  light,  and  is  caused  by  the  unequal  bending  or  refraction 
of  the  various  rays  that  constitute  white  light.  Let  ABC  represent  the 
C  section  of  a  prism  of  flint  glass, 

and  let  P  Q  be  a  ray  of  white 
light  passing  into  the  prism.  On 
entering  the  prism,  it  is  refracted 
towards  the  broad  base,  what- 
ever may  be  the  position  of  the 
prism.  One  portion  passes  along 
Q  R,  and  another  portion  along 
Q  R',  other  portions  passing  be- 
tween these  extremes.  It  is  the 
red  light  that  i^  least  bent,  and 

^..^    ..  1  the  intermediate  rays  of  orange, 

yellow,  green,  blue,  and  indigo  being  refracted  in  this  order  between.  On 

CmCr^in^  from   tll^  r^T-icrv*   ir>f*-i   fVi/i  oit-     fT-»Q  Tmt-irtnc    fo^rc    o         ormr>  voffi 

and  the  spectrum 


Fig.  209. — Action  of  Prism  on  Light, 
the  violet  suffers  the  greatest  refraction 


 .^v,...^     ^^^.^  ...  .^v....^^...  w 

from  the  prism  into  the  air,  the  various  rays  are  again  refracted, 
pectrum  S  S'  may  be  received  on  a  screen  in  a  suitably  c'arkened 
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Fig.  210. — Diagram  showing  position  of  Colours  in  the  Solar  Spectrum. 

room.  The  visible  spectrum,  then,  is  the  continuous  band  of  colours  observed 
when  white  light  is  passed  through  a  prism,  the  action  of  the  prism  being 
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to  refract  the  different  coloured  rays  forming  white  light  unequally.  These 
colours  are  usually  given  as  seven,  but  they  blend  into  one  another  gradually, 
and  are  really  far  more  than  seven.  A  diagram  of  the  spectrum,  even 
though  uncoloured,  will  help  to  illustrate  its  nature.  A  coloured  diagram 
may  be  seen  in  the  Advanced  Physiography. 

We  may  here  remark  that  the  solar  spectrum,  obtained  only  by  pris- 
matic dispersion  of  sunlight,  differs  from  the  spectrum  of  a  white-hot  solid 
or  liquid  body  in  being  crossed  by  certain  fine  black  lines  (often  indicated 
by  letters  of  the  alphabet) ;  but  the  explanation  of  these  Fraunhofer  lines, 
as  they  are  called,  does  not  belong  to  this  stage. 


Fig. 


"'•—Decomposition  of  White  Light  into  the  Colours  of  the  Spectrum  by  passing 
a  beam  of  Sunlight  through  a  Prism  in  a  darkened  room  and  receiving  the  Spectrum 
on  a  Screen.  or" 


That  white  light  consists  of  a  number  of  rays  of  different  colours 
blended  together  is  proved  not  only  by  the  prismatic  mialysis  of  such  light, 
but  by  the  fact  that  these  prismatic  colours  can  be  recombined  to  form 
white  light.  Thus,  if  a  second  similar  i^rism  be  inverted  and  arranged 
with  its  faces  parallel  to  the  first,  the  light  emerging  from  this  second  pr?sm 
IS  no  longer  coloured,  but  the  prismatic  colours  are  synthetically  recombined 
to  form  the  compound  colour  white.  Again,  if  a  disc  of  white  cardboard 
be  painted  in  sectors  of  the  prismatic  colours  in  the  same  order  and  pro- 
portion as  they  occur  in  the  spectrum,  and  then  be  made  to  revolve 
rapidly,  the  seven  colours  disappear  and  a  greyish-white  is  seen.  Newton's 
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colour-disc,  as  such  a  disc  is  called,  thus  verifies  the  composition  of  white 
light  by  synthesis. 

We  have  thus  learnt :  (i)  that  white  light,  or  the  light  that  gives  the 
sensation  of  white,  is  not  simple  in  composition,  but  a  compound  of  the 
seven  colours,  red,  orange,  yellow,  green,  blue,  indigo,  and  violet  •  (2) 
that  white  light  can  be  analyzed  by  a  prism  into  a  coloured  band  or  ribbon 
01  light  with  these  seven  colours  gradually  passing  into  one  another  and 


Fig.  212.— Showing  how  the  prismatic  colours  may  be  recombined. 

called  the  visible  sfectnim  ;  (3)  that  the  cause  of  separation  is  the  different 
degrees  of  deviation  which  the  different  colours  undergo  by  refraction  ; 
(4)  that  the  red  rays  are  least  refrangible— orange,  yellow,  green,  blue,' 
indigo,  and  violet  being  the  order  of  refrangibility  of  the  others  ;  {5)  that 
the  seven  prismatic  or  rainbow  colours  can  be  recombined  by  synthesis, 
on  using  a  second  prism  or  a  colour-disc,  to  form  white. 

Light  is  now  beUeved  to  consist  of  ether-waves  (par.  45),  radiated  from  a 
luminous  body  or  other  light  source,  the  radiation  being  of  the  same  kind 
as  in  heat,  but  of  smaller  wave-length.  Different  colours  have  different 
wave-lengths,  the  red  being  longest  and  the  violet  shortest,  and  white 
light  containing  all  the  wave-lengths  of  the  spectral  colours.  Natural 
objects  have  different  colours,  because  some  of  the  ether-waves  of  sunlight 
are  absorbed  and  others  reflected  or  transmitted.  Thus  blue  glass  is  blue 
because  only  the  blue  waves  are  transmitted  while  the  other  rays  are 
absorbed.  All  rays  travel  with  the  same  velocity,  the  velocity  of  light 
and  radiant  heat  being  186,000  miles  per  second. 

322.  The  Sun— Its  dimension,  density,  and  attraction.— The  sun  is  an 
intensely  hot  self-luminous  globe  of  enormous  size,  situated  at  a  mean 
distance  from  the  earth  of  about  92,800,000  miles.  Knowing  its  distance, 
and  measuring  the  angular  diameter  of  its  disc  (par.  308),  its  real  diameter 
is  found  by  calculation  to  be  860,000,  or  nearly  110  times  that  of  the  earth. 
Since  the  volumes  of  spheres  are  in  proportion  to  the  cubes  of  their 
diameters,  the  sun's  volume  =  (no)'  x  vol.  of  earth  ;  that  is,  1,331,000 
times  the  volume  of  the  earth.  This  means  that  the  volume  of  the  sun 
is  so  great,  that  were  the  earth  placed  in  the  centre  of  the  sun,  with  its 
satellite  the  moon  revolving  round  it  at  a  distance  of  238,000  miles,  still 
the  earth  and  the  orbit  of  the  moon  together  would  reach  but  little  beyond 
half-way  to  the  circumference  of  the  sun.  Yet  though  the  vobime  of  the 
sun  is  1,330,000  times  that  of  the  earth,  its  mass,  or  the  quantity  of  matter 
contained  in  it,  is  only  330,000  times  that  of  the  earth.  In  other  words, 
while  it  would  take  1,330,000  globes  as  large  as  the  earth  to  make  a  globe 
as  large  as  the  sun,  yet  it  would  only  take  330,000  to  make  one  as  heavy 
as  the  sun.  From  this  it  follows  that  its  density,  or  quantity  of  matter 
per  unit  of  space,  is  only  about  one-quarter  the  earth's  density,  as  we 
find  on  dividing  its  mass  compared  with  the  earth  by  its  volume  compared 
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with  the  earth.>    The  force  of  gravity  at  the  sun's  surface  is  nearly 
twenty-eight  times  the  force  of  gravity  on  the  surface  of  the  ear  h  ;  and  as 
the  weight  of  a  body  is  due  to  the  force  of  gravity,  a  body  at  the  surface 
of  the  sun  would  weigh  twenty-eight  times  as  much  as  upon  the  eartn. 
The  physical  condition  of  the  sun  is  very  different  from  that  of  the 


Fig.  213. — Comparative  sizes  of  Sun  and  Earth. 


earth,  though  we  know  it  is  composed  of  very  similar  materials.  The 
white  hot  surface  that  we  see,  called  the  photosphere,  is  believed  to  be 
largely  a  shell  of  highly  heated  metallic  vapours  surrounding  the  unseen 
mass  beneath.  Dark  spaces  seen  in  the  photosphere  are  known  as  sun-spots, 
and  these  are  often  surrounded  by  brighter  patches,  termed  Jaculce.  Above 
the  photosphere  a  shallow  envelope  of  gases,  rising  here  and  there  into  huge 
prominences,  and  known  as  the  chromosphej'e,  is  seen  in  red  tints  when  the 


'  The  density  of  the  earth  compared  with  water— that  is,  its  specific 
gravity — is  5  "5  ;  hence  the  specific  gravity  of  the  sun  is  only  about  i  '4. 
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sun  IS  totally  eclipsed.  Beyond  the  chromosphere,  there  is  also  seen  at 
me  same  tune,  a  faint  but  far  more  extensive  envelope  called  the  corona 

The  sun's  rays  supply  light  and  heat  not  only  to  the  earth,  but  also"  to 
the  other  planets  which  revolve  round  it.  Its  attraction  confines  these 
planets  in  their  orbits  and  controls  their  motions.  Kepler's  three  laws 
of  planetary  motion  have  already  been  given  (par.  307).  Kepler  derived 
these  laws  from  observation  only,  but  Newton  first  explained  them  bv 
showing  that  they  were  the  necessaiy  consequences  of  the  laws  of  motion 
and  the  law  of  universal  gravitation.'  The  centre  of  gravity  of  the  solar 
jj.r/m  (as  the  sun  with  his  attendant  bodies  is  called),  is  the  real  point 
around  which  the  planets  revolve,  but  so  enormous  is  the  mass  of  the  sun 
that  this  point  is  situated  not  far  from  the  sun's  centre.  * 


Fig.  214.— Part  of  Sun's  Photosphere,  with  Sun-spots  and  Facula;. 


323.  The  Moon. — The  moon  is  one  of  the  secondary  planets,  or  satellites, 
and  it  revolves  round  its  primary  the  earth,  while  the  latter  is  revolving  round 
the  sun.  Its  mean  distance  from  the  earth  is  only  238,000  miles.  Though 
apparently  as  large  as  the  sun  owing  to  its  nearness,  its  real  diameter  is 
only  2160  miles,  and  its  volume,  or  bulk,  only  that  of  the  earth.  Its  mass, 
or  weight,  is  only  j'g  that  of  the  earth,  and  hence  its  density  or  compactness 
of  matter  is  but  a  little  more  than  3  that  of  the  earth,  and  the  force  of 
gravity  on  its  surface  but  \  that  of  the  earth. 

Besides  its  daily  apparent  motion  from  east  to  west,  due  to  the  daily 
rotation  of  the  earth,  it  is  easy  to  notice  that  it  has  an  opposite  motion, 
moving  eastward  among  the  fixed  stars,  in  consequence  of  which  it  rises 
about  50  minutes  later  each  night.  A  complete  revolution  of  the  moon 
round  the  heavens  from  one  fixed  star  to  the  same  fi.\ed  star  is  called  a 
sidereal  revolution  and  occupies  27  d.  7  h.  43  m.  , 

The  moon  requires  a  longer  interval  to  go  through  a  revolution  with 
respect  to  the  sun,  as  the  sun  also  moves  eastward  among  the  stars,  though 
at  a  slower  rate.    Hence  the  synodic  month,  or  the  time  occupied  by  the 

'  See  note,  p.  324. 
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moon  in  passing  from  the  sun  round  to  the  sun  again,  is  longer  than  the 
SL/  n^oSh  by  more  than  two  days.  The  mean  value  of  the  synodic 
mtSf  is  29-53  days,  and  this  is  the  ordinary  lunar  month  Calendar 
mSnlhs  conL't'of  a'whole  number  of  days-28.  30, J r  SJ  as  U^e  case  may 
be.     In  a  year  there  are  twelve  calendar  months,  but  thirteen  lunar 

""'^  The  moon's  path  among  the  stars  is  not  situated  in  the  same  plane  as 
thelarthT^ath'round  the  fun,  for  the  moon's  orbit  -  ^^-^J^ ^^^-^Jj^J 
to  the  plane  of  the  ecliptic  at  an  angle  of  about  5  .  1  he  points  at  w  ^icn 
the  moon's  orbit  cuts  the  plane  of  the  ecliptic  are  called  the  moons  nodes 

WheJUe  moon  in  her  orbit  lies  between  the  sun  and  the  earth,  she  is 
said  to  be  in  conjunction  with  the  sun  ;  when  the  earth  is  between  the  moon 
and  the  sun,  the  moon  is  said  to  be  in  opposition  to  the  sun.  At  ^the  of 
the  two  points  midway  from  conjunction  and  opposition,  z.e.  90  trom 
coniunction  or  opposition,  the  moon  is  said  to  be  in  qtcadratnre._ 

The  moon  is  an  opaque,  cold  globe,  covered  with  mountains,  extmct 


Direction 
of  Sun 


FiG  215.— The  figures  upon  the  circle  represent  the  chief  positions  of  the  Moon  in  its 
orbit.    The  outside  figures  show  the  different  phases. 


volcanoes,  and  plains.  She  has  neither  water  nor  atmosphere,  and  always 
presents  the  same  surface  to  the  earth  in  consequence  of  rotating  on  her 
axis  in  the  same  time  as  she  revolves  round  the  earth.  Moonlight  is  only 
reflected  sunlight,  the  illuminated  hemisphere  being  always  turned  towards 
the  sun.  When  we  see  the  whole  lit-up  side  of  the  moon,  she  appears 
circular,  and  we  say  the  moon  is  full.  But  we  cannot  see  the  whole  of  the 
illuminated  hemisphere  from  the  earth  at  all  times.  The  various  shapes 
this  illuminated  hemisphere  assumes  in  the  course  of  her  journey  round  the 
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earth  are  called  W\(t  phases  of  the  moon.  A  figure  will  help  us  to  under- 
stand these  appearances,  or  phases,  of  the  moon. 

The  figure  represents  the  moon  in  eight  different  positions  in  her  orbit 
round  the  earth,  the  sun  being  at  an  immense  distance  to  the  rigiit  The 
line  m  n  separates  the  illuminated  half  of  the  moon  from  the  unilluminated 
half,  and  the  line  a  b  may  be  taken  to  separate  the  half  of  the  moon  turned 
towards  the  observer  at  E  from  that  turned  away  from  him. 

At  A  the  moon  is  in  conjunction,  being  between  the  earth  and  the  sun 
and  no  portion  of  the  illuminated  half  is  visible.     It  is  then  said  to  be  nru) 
moon. 

At  B,  between  four  and  five  days  afterwards,  a  small  part  of  the  lit-up 
surface  is  seen,  and  this  appears  as  a  thin  crescent  in  the  sky  just  after 
sunset.' 

At  C  the  moon  is  in  quadrature,  at  her  first  quarter,  and  one  half  the 
ht-up  hemisphere  is  seen  by  the  observer ;  so  that  the  moon  appears  in  the 
sky  as  a  bright  semicircle.    It  is  half-7noon. 

At  D  more  than  half  the  lit-up  hemisphere  is  seen,  and  the  moon 
^■^^&zx^  gibbous  (Lat.  gibbus,  a  hump)  in  the  sky. 

Before  the  end  of  15  days  the  moon  is  in  opposition  to  the  sun  at  M, 
and  the  whole  of  the  illuminated  hemisphere  is  turned  towards  the  observer', 
so  that  it  is  seen  as  a  complete  circular  disc  in  the  sky.  It  is  now  said  to 
be  full  moon. 

After  full  moon,  the  moon  becomes  gibbous  again,  F ;  in  a  few  more 
days  it  is  again  half-moon  at  the  third  or  last  quarter,  G ;  and  as  it  gets 
towards  the  sun,  more  and  more  of  the  dark  side  turns  towards  us,  so  that 
the  crescent  H  grows  narrower  and  narrower,  until  it  disappears  at  new 
moon  again. 

It  is  worthy  of  note  that  the  moon  is  higher  in  the  heavens  and  longer 
above  the  horizon  in  the  winter  than  in  summer.  This  is  owing  to  the 
plane  of  its  orbit  being  at  night  high  towards  the  south  in  winter  and  low 
in  summer,  as  is  the  ecliptic. 

The  moon's  orbit,  like  that  of  other  planets,  is  elliptical,  but  irregular. 
When  nearest  to  the  earth,  she  is  said  to  be  in  perigee;  when  at  the  greatest 
distance,  in  apogee. 

324.  Eclipses,  Lunar  and  Solar.— Since  light  proceeds  in  straight  lines, 
part  of  the  space  behind  any  opaque  body  is  shut  off  from  the  light  in  front 
of  it,  and  the  space  thus  darkened  is  termed  a  shadow.  Both  the  spherical 
earth  and  the  moon  cast  conical  shadows  into  the  space  behind  opposite 
to  the  sun,  and  any  body  lit  up  by  the  sun  entering  one  of  these  shadows 
becomes  invisible,  or  is  eclipsed. 

An  eclipse  of  the  moon  is  caused  whenever  it  passes  into  the  shadow- 
cone  cast  by  the  earth.  This  can  only  happen  with  the  moon  full,  i.e.  in 
opposition  ;  for  at  no  other  time  is  the  earth  between  the  sun  and  the  moon. 
If  the  moon's  orbit  were  in  the  same  plane  or  level  as  the  earth's  orbit,  a 
lunar  eclipse  (Lat.  luna,  the  moon)  would  occur  every  month  at  full  moon  ; 
but  owing  to  the  inclination  of  the  planes  of  the  two  orbits  (fig.  144)  being 
about  5°,  the  moon  may  be  to  the  north  of  the  ecliptic  or  below  to  the 
south  of  the  ecliptic  at  the  time  of  opposition,  and  then  the  earth's  shadow- 
cone  misses  the  moon.  If  the  moon,  however,  is  at  or  near  one  of  her 
nodes  when  in  opposition  to  the  sun,  it  must  pass  more  or  less  into  the 


'  When  the  moon  is  a  crescent  a  portion  of  the  dark  side  is  often 
faintly  visible,  owing  to  sunlight  reflected  upon  it  from  the  earth. 
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earth's  shadow  ;  for  the  centres  of  the  sun,  earth,  and  moon  are  hen  m  or 
nearly  in.  the  same  plane,  and  the  earth's  shadow  always  i-eaches  ar  beyond 
"he  g^-eatest  distance  of  the  moon.  Thus  the  two  conditions  for  a  lunar 
eclipse  are —  _  .      .  * 

(1)  The  moon  must  be  in  opposition,  i.e.  lull. 

(2)  The  moon  must  be  at,  or  near,  one  of  her  nodes. 

Lunar  eclipses  are  of  two  kinds-/.^a/ when  the  whole  suiface  o  he 
moon  passes  into  the  earth's  shadow,  and  partial  when  only  a  part  ot  tne 
moon's  surface  passes  into  shade. 


Fig.  216.— Eclipse  of  the  Moon  when  in  the  shadow  of  the  Earth. 


Fig.  216  illustrates  a  total  eclipse  of  the  moon  when  she  is  in  opposition 
at  one  of  her  nodes,  and  all  three  bodies  are  supposed  to  be  in  one  and  the 
same  plane— the  plane  of  the  page.  S  represents  the  sun,  E  the  earth, 
and  m  different  positions  of  the  moon  in  her  orbit  about  the  time  of  oppo- 
sition. By  drawing  lines  from  g  and  h,  the  upper  and  lower  edges  or  limbs 
of  the  sun,  through  e  and  /,  the  upper  and  lower  points  of  the  earth,  and 
continuing  these  lines  till  they  meet  at  k,  we  determine  the  dark  cone- 
shadow,  or  utnbra,  in  which  all  the  sun's  light  is  cut  off  by  the  earth. 
By  drawing  the  other  lines,  h  e  v  and  g  f  p,  from  the  upper  and  lower 
points  of  the  sun  through  the  opposite  points  of  the  earth,  we  find  two 
spaces  in  which  only  a  part  of  the  sun's  rays  are  cut  off  by  the  earth,  and 
where,  therefore,  there  is  only  a  faint  shadow  called  the  penumbra. 

A  lunar  eclipse  begins  with  the  first  contact  with  the  penumbra,  though 
there  is  but  little  darkening  till  it  enters  the  umbra.  As  the  moon's  eastern 
limb  enters  the  umbra,  a  part  of  the  surface  seems  cut  off,  and  in  the  case 
of  a  total  eclipse  the  visible  portion  gets  smaller  and  smaller  till  the  M'hole 
disc  passes  into  the  shadow.  A  lunar  eclipse  will  be  total  only  when  the 
moon  is  veiy  near  a  node  at  the  time  of  opposition,  so  that  its  course  lies 
nearly  through  the  centre  of  the  umbra,  and  it  may  then  last  more  than 
if  hours.  In  many  lunar  eclipses  the  moon  is  so  far  from  a  node  that 
it  passes  above  or  below  the  centre  of  the  umbra,  and  a  part  is  in  the 
shadow  and  a  part  outside,  the  eclipse  being  partial. 

Lunar  eclipses  are  visible  in  the  whole  of  that  hemisphere  of  the  earth 
which  is  turned  towards  the  moon  at  the  time,  those  inhabitants  seeing 
the  whole  of  the  eclipse  who  have  the  moon  above  the  horizon  while  the 
eclipse 
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In  many  cases  of  total  eclipse  the  moon  is  still  visible  as  a  dull  red  or 
copper-coloured  disc.  This  is  owing  to  a  small  portion  of  sunlight  beine 
bent  or  refracted  into  the  shadow  by  the  earth's  atmosphere. 

An  eclipse  of  the  sun  is  seen  whenever  the  moon's  shadow-cone  \falls 
upon  the  earth.  This  can  only  happen  at  new  moon,  i.e.  with  the  moon 
in  conjunction.  A  solar  eclipse,  however,  does  not  occur  at  every  con- 
junction, on  account  of  the  inclination  of  the  moon's  orbit  to  the  plane  of  the 
ecliptic.  But  if  the  moon  should  pass  through  either  node  at  or  near  the 
time  of  conjunction,  in  certain  parts  of  the  earth  the  sun  may  be  wholly 
or  partially  eclipsed.    Thus  the  two  conditions  for  a  solar  eclipse  are— 

(1)  The  moon  must  be  in  conjunction,  i.e.  new. 

(2)  The  moon  must  be  at  or  near  one  of  her  nodes. 

Solar  eclipses  are  of  three  kinds— /^^/a/,  partial,  and  annular. 

The  moon's  umbra  is  only  a  little  longer  than  her  distance  from  the 
earth  when  the  moon  is  nearest  or  in  perigee,  and  the  width  of  the  shadow 
where  It  meets  the  earth  seldom  exceeds  150  miles.  Hence  only  a  small 
part  of  the  earth  can  be  in  total  darkness  at  any  time.  With  the  moon  in 
apogee,  the  shadow  does  not  reach  the  earth,  and  only  the  central  part  of 
the  sun  can  be  eclipsed  to  observers  in  the  shadow-cone  produced ;  so  that 
a  ring  of  the  sun  is  still  visible  round  the  central  dark  portion,  and  the 
eclipse  is  annular  (Lat.  annulus,  a  ring).  We  can  illustrate  the  phenomena 
of  solar  eclipses  by  figures. 


Fig.  217.— Eclipse  of  the  Sun  (Total  in  certain  parts),  the  shadow  of  the  Moon  falling 

the  Earth.  -  * 


on 


In  fig.  217  let  S  indicate  the  sun,  E  the  earth,  and  M  the  moon  at  con- 
junction, with  the  moon  at  a  node  and  in  perigee.  The  dark  shadow-cone, 
or  umbra,  determined  by  drawing  the  tangent  lines  g  i  and  //  k,  fall  upon 
the  earth's  surface  at  a  b.    Within  this  space  only  is  there  a  total  eclipse  of 


Fig.  2i8'. 


—Lunar  Cone-Shadow,  showing  where  the  Solar  Eclipse  is  Total. 
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the  sun,  the  eclipse  beginning  on  the  western  limb  of  the  sun.  Between 
a  and  c  there  will  be  a  partial  eclipse  of  the  sun,  its  lower  portion  being 
invisible  ;  and  between  b  and  d  there  will  also  be  a  partial  eclipse  of  the 
upper  portion  of  the  sun,  both  these  portions  being  in  penumbra.  From 
c  to  £  and  from  d  lo/no  eclipse  is  visible,  nor  is  any  eclipse  seen  in  the 
shaded  part  of  the  earth  where  it  is  night. 

As  already  remarked,  a  solar  eclipse  is  total  to  but  a  small  portion  of 
the  earth,  the  breadth  of  the  shadow-cone  covering  but  a  small  space 
(averaging  from  130  to  160  miles),  as  illustrated  by  figs.  217  and  218. 
The  duration  of  totality  at  any  one  place  is  small,  varying  from  a  few 
seconds  to  nearly  8  minutes,  for  the  earth's  rotation  carries  every  place 
eastward  much  faster  than  the  moon  moves  eastward,  and  thus  the  shadow- 
cone  sweeps  over  a  narrow  belt  of  the  earth  until  it  passes  from  it. 

To  illustrate  the  conditions  of  an  annular  solar  eclipse,  consider  fig.  2iq, 
where  the  moon  at  a  node  and  in  conjunction  is  supposed  to  be  in  apogee 
or  at  her  greatest  distance  from  the  earth.  In  this  case  her  apparent 
diameter  is  less  than  that  of  the  sun,  and  the  dark  shadow  falls  short  of  the 
earth,  reaching  only  to  l>.    Between  the  points  a  and  b,  where  the  shadow- 


FiG.  219.— Annular  Eclipse  of  the  Sun,  the  shadow  of  the  Moon  not  reaching  the  Earth. 


cone  produced  meets  the  earth,  the  central  parts  of  the  sun  are  covered  by 
the  moon,  and  the  outer  portion  of  the  sun  is  seen  as  a  ring  or  annuh/s  of 
light.  Here  the  eclipse  is  annular.  From  to  <:  and  from  b  K.O  d  z. partial 
eclipse  is  visible.    Beyond  c  and  d  no  eclipse  takes  place. 

There  cannot  be  an  annular  eclipse  of  the  moon,  for  the  earth's  shadow 
where  it  meets  the  moon  is  always  greater  in  breadth  than  the  diameter  of 
the  moon. 

A  total  or  annular  eclipse  of  the  sun  is  a  rare  occurrence  at  any  particular 
place.  No  total  eclipse  of  the  sun  will  be  visible  in  England  until  June 
29,  1927,  though  one  will  be  visible  in  Norway  on  Aug.  9,  1896. 
Astronomers  eagerly  examine  these  phenomena  in  order  to  study  the 
chromosphere  and  corona  surrounding  the  sun's  bright  photosphere,  for  it 
is  only  during  a  total  eclipse  that  these  phenomena  become  visible. 

Bearing  in  mind  the  conditions  of  lunar  and  solar  eclipses,  we  can 
understand  that,  ahhough  the  moon  passes  through  a  node  about  twenty- 
five  times  a  year,  it  usually  happens  that  she  is  not  then  in  the  same  line 
as  the  earth  and  the  sun,  and  that  consequently  eclipses  do  not  happen  as 
often.  The  greatest  possible  number  that  can  happen  in  a  year  is  seven — 
five  solar  and  two  lunar ;  the  least  possible  number  is  two,  both  solar. 
But  though  solar  eclipses  are  more  numerous  than  lunar  eclipses,  it  is  not 
so  with  those  visible  at  a  given  place.  For  a  solar  eclipse  can  only  be 
seen  by  people  who  happen  to  be  on  the  narrow  track  described  by  the 
moon's  shadow  across  the  earth,  while  a  lunar  eclipse  is  visible  over  the 
whole  hemisphere  that  has  the  moon  above  the  horizon  during  the  eclipse. 
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325.  Atmospheric  Eefraction.— This  is  the  bending  of  a  ray  of  lirht 
proceechng  from  a  celestial  body  through  the  ether  of  space  after  passing 
into  the  atmosphere  of  the  earth.  Suppose  the  inner  circle  of  the  figure- 
to  represent  the  earth,  and  let  the  concentric  circles  represent  layers  of  the 

atmosphere,  each  layer  being  of  greater 
density  than  the  one  outside  it.  Were 
there  no  atmosphere,  a  ray  of  light  from 
the  heavenly  body  .S'  would  proceed  in 
a  straight  line  to  an  observer  at  A,  and 
he  would  see  it  in  the  direction  of 
A  S'.    But  the  atmosphere  causes  a 
deflection,  so  that  a  ray  that  proceeds 
from  S  su.^Ters  refraction  in  each  layer, 
and  really  follows  the  curved  track 
S  abc  A.      The  actual  direction  of 
the  i-ay  as  it  reaches  the  observer  is 
AX,  and  at  X  the  observer  sees  the 
star.    The  angle  XAS  is  the  angle 
of  refracti  on,  and  the  nearer  the  object 
is  to  the  horizon,  the  greater  is  this 
angle.     At  the  zenith,  Z,  there  is 
no  refraction.     The  effect  of  atmo- 
spheric refraction  is,  therefore,  to  in- 
crease the  altitude  of  a  celestial  object. 
As  the  effect  of  refraction  is  to  elevate  heavenly  bodies  a  little  more  than 
half  a  degree  when  they  are  on  the  horizon,  the  sun  (or  moon)  appears  just 
above  the  horizon  when  it  is  in  reality  just  below  it.    In  this  way  three  or 
four  minutes  are  added  to  the  length  of  daylight  both  morning  and  evening. 
Even  after  the  sun  has  set,  or  before  it  rises,  it  still  shines  on  the  clouds 
and  the  air  above  us.    The  rejleclion  (not  re/raclion)  of  this  light  produces 
the  phenomenon  known  as  twilight. 

Atmospheric  refraction  is  only  a  special  instance 
which  states  that  a  ray  of  light,  on  passing  from 
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general  law 
a  rarer  to  a  denser 

medium,  is  always  refracted  towards  the  perpendicular  to  the  surface  (par. 
320). 

326.  Parallax. — If  we  look  at  a  distant  object  through  a  window,  we 
may  often  notice  that  it  is  directly  in  a  line  with  some  mark  on  the  window. 
If  now  we  change  our  position  to  the  right  or  left,  the  object  will  no  longer 
appear  behind  the  same  mark,  and  the  greater  our  base  of  movement,  the 
greater  will  be  the  apparent  displacement  of  the  distant  object.  Moreover, 
for  the  same  change  of  position,  the  less  will  be  the  displacement,  the  more 
distant  the  object  observed  is.  This  apparent  displacement  of  an  object 
observed,  but  due  to  a  real  change  of  position  of  the  observer,  is  called  the 
parallax  of  that  object ;  and  the  angle  whose  vertex  is  at  the  centre  of  the 
object  observed,  while  its  sides  pass  through  the  two  points  of  observation, 
is  called  the  parallactic  angle,  or  angle  of  parallax.  In  astronomy,  the 
parallax  of  a  heavenly  body  is  the  angle  between  two  lines  drawn  to  it, 
one  from  the  observer's  position,  and  one  from  the  centre  of  the  earth ;  for 
it  is  agreed  in  astronomy  to  refer  all  observations  to  the  centre  of  the  earth, 
and  to  regard  the  true  position  of  a  heavenly  body  as  the  position  it  would 
occupy  when  seen  from  the  centre  of  the  earth.  By  the  help  of  a  figure 
and  a  little  consideration,  it  will  easily  be  understood  that  the  nearer  an 
object  is  to  the  zenith,  the  less  will  be  its  parallax,  and  the  more  distant 
an  object  is,  the  less  will  be  the  angle  of  parallax.    An  object  will  have 
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.he  Urgest  whan  it  is  on       J-onzo.  ^^^t-f^^JSr^S, 

'C^^l^il'r^l^Il^^otl^^l.    in  the  figure  fte  a.gle 


Fig.  221. 


A  X  C  or  its  arc  mm'  on  the  distant  celestial  sphere  RZ  is  the  observed 
its  distance  is  determuied.     Ihis  is  ettectea  as  i 

instruments,  observations  ^^^^  J^^^^^  th  of  is^'the^ra^^^^^^^  the 
longitude  are  made,  and  the  ^"S^^  ^  ^         l^^i^^^l,  of  the  two  stations, 

Hence,  knovvin£?  two  angles  and  one  side  of  the  triangle  AXC.,  v\e  can 

'^^il!:^s  tZ:iZ  by  finding  its  parallax,  but  this  is 

effected  bv  Ae  aid  of  a  transit  of  Venus.  Having  found  its  parallax,  Us 
dSce  fiUn  the  earth  can  be  estimated  The  moon's  equatorial  hon- 
7o(iTtnl  narallax  is  ^n'  V  ;  the  sun  s  only  5'b  .  r      i  u  t 

riy^  iie  Vernir.--fhe  length  of  any  ob-ect  is  usual  y  found  by  Reading 
off  the^number  of  divisions  on  a  scale  applied  to  the  object  while  angles 
are  measured  by  reading  off  the  number  of  degrees  and  subdivisions  of  a 
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Fig.  222. 

degree  in  a  certain  arc.  Greater  accuracy  can  be  obtaiaed  by  the  use  of  a 
v^nier  This  is  a  small  graduated  scale  or  arc  made  to  slide  along  he 
Sr^e!  fixed  scale  or  arc,  so  as  to  enable  us  to  read  the  position  of  an  index 
lying  between  the  graduations  of  the  larger  fixed  scale.  Let  AB  be  a 
portion  of  the  larger  fixed  scale  representing  an  inch,  and  subdivided  into 
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tenths;  ..is  the  vernier  or  .small  scale  made  to  slide  along  the  larger 
Nine  divisions  of  the  fixed  scale  equal  ten  divisions  nf  fT,» 
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Fig.  223. 

vernier  is  brought  to  coincide  with  a  certain  point  i  on  th^  ti 
point  /  ,s  read  on  the  scale  29  inches,      ani  a  ia^tLn  which  fs"  to  £e 
measured  by  the  vern  er.    Here  the  rUvkJnn  (.  ^„  ,u       ^nicn  is  to  be 
with  that  wh^ich  is  marked  S^J^Th^'scat  Te^eLrth^^disTar^^^^^^ 
of  the  vernier  from  the  last  division  2  behind  it  on  the  scale  is  «  of  an 

aroiii'7  is"  '  -  of":  Tom'^  'T'^^r  ^'f"  '  ^"^^  "'he  diJ^nce  0" 
5  irom  7  is  inju ,  ot  4  Irom  6,      ;  of  3  from  •  of  ■?  frnm  ^     4  .  ^- 

I  froin  3- Ti. ;  and  of  o  from  L  like  ^alfner,  f  the  verJ'ie^"4re 

pushed  along  till  the  division  8  coincided  with  30  inches  on  the  sSe 
then  the  reading  of  the  zero  point  would  be  29  inches  A  and  A '  A 
vernier  scale  has  usually  one  graduation  more  than  the  correspondine 
por  ion  of  the  o  t  her  scale,  and  ^/,e  number  of  its  divisions  giveuZ}ra^fonil 
part  of  the  small  divisions  of  the  larger  scale  to  which  -Je  can  read  li  lh^ 
number  of  divisions  of  the  vernier  be  20,  the  different  divisions  of  the  vern ie5 
will  be     the  divisions  of  the  scale.    In  the  barometer  the  divis  ons  of  the 


Fig.  224. 

scale  are  twentieths  of  an  inch,  and  by  taking  a  vernier  divided  into  twenty- 
five  parts,  and  made  equal  in  length  to  twenty-four  of  the  divisions  of  the 
scale,  we  can  read  to  {-^  of  5'g,  or  of  an  inch.  In  the  same  way  we  can 
ascertain  small  fractions  of  degrees  on  a  circle.  The  figure  shows  a  circle 
divided  into  degrees,  and  into  parts  of  6',  or  tenths  of  a  degree,  Suppose 
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we  wish  to  ascertain  the  position  of  the  point  t-  7^^^!^^  a'i-c'v'^'^and 
into  equal  parts,  measures  exactly  nine  of  tl^e.  divisions  of  the  ^^^^J^^ 
thus  enables  us  to  read  to  of  ,'o  of  a  degree  t.e.  t°  f  °]  ^IJ;!^  ^^^^  ^'^"SiJ 
the  vernier  to  the  point  /,  we  see  that  on  the  graduated  ^^^'^'o^ 

7-^°  2  tenths  (or  72°  12')  and  a  fraction  to  be  found  by  the  vernier. 
l?e7uf  examinatn',  w^  sL  that  the  sixth  division  of  the  ve     e  - 
with  one  of  the  divisions  of  the  arc.    Hence  the  f-^^.^f J^^^t  % 
to  the  above  reading  is  6  hundredths,  and  the  position  of  the  point  p  u 
exactly  72°  2  tenths  6  hundredths,  or  72-26°,  or  72   IS  o&  • 

Eauation  of  Time.-The  word  'equation'  in  astronomy  has  at  times 
a  mfaningTfferen?  from  that  it  has  in  algebra.  In  this  Phrase  it  me  ns 
fh^  auanTity  of  time  which  is  to  be  added  to  or  subtracted  _  frotn  true 
solar^^e  to  get  mean  solar  time.  True  or  apparent  so  ar  time  is  obtained 
S  finS  the^xact  moment  of  the  transit  of  the  sun's  "ntre  across  he 
observer'!  meridian;  it  is  the  time  also  which  appears  on  the  sundial. 
Mean  solar  time  is  furnished  by  a  good  clock.  Hence  we  may  say- 
Dial  time  ±  equation  of  time  =  clock  time. 
We  have  already  pointed  out  (par.  309)  that  the  length  of  the  true 
solar  day  is  greater  than  the  length  of  a  sidereal  day,  and  we  have  also 
stated  that  true  solar  days  vary  in  length  for  two  reasons. 

{\\  The  eccentricity  of  the  earth's  orbit,  as  already  explained,  causes 
the  angular  motion  of  the  earth  round  the  sun,  that  is,  the  distance  of 
the  orbit  traversed  in  a  day  to  be  greater  the  nearer  the  earth  is  to  the 
sun  Thus  the  earth  does  not  move  the  same  distance  each  day  to  bring 
the'same  meridian  opposite  the  sun  (fig.  I79),  and  hence  the  solar  days 
are  longer  than  the  average  when  the  earth  is  near  perihelion,  and  shorter 
than  the  average  when  the  earth  is  at  aphelion.  The  average  or  mean 
solar  day  is  3  minutes  56  seconds  longer  than  the  sidereal  day,  but  in 
December  it  is  4  minutes  4  seconds  longer,  and  in  June  only  3  minu.es 

48  seconds  longer.  i   ,  •  r  r  ■  = 

(2)  The  obliquity  of  the  ecliptic  is  the  second  and  chief  cause  of  ine- 
quality in  the  length  of  the  solar  days.  The  ecliptic  along  which  the 
sun  moves  is  inclined  to  the  equator,  so ,  that  even  if  the  sun  moved 
uniformly  along  the  ecliptic,  the  solar  days  would  be  unequal,  for  equal 
intervals  along  the  ecliptic  are  not  represented  by  equal  intervals  along 
the  equator  or  between  the  meridians,  and  solar  time,  to  be  regular,  must 
be  measured  by  equal  arcs  along  the  equator,  as  our  eastern  rotation  occurs 
in  the  plane  of  the  equator.  Near  the  equinoxes  the  sun  s  daily  motion 
is  on  the  hypothenuse  of  a  right-angled  triangle,  while  the  earth  s  eastern 
motion  to  overtake  him  is  along  the  base  parallel  to  the  equator.  Thus 
the  solar  days  about  the  equinoxes  are  about  20  seconds  shorter  than  the 
average.  At  the  solstices  the  sun  moves  in  the  tropics  a  short  time  on  a 
small  circle  parallel  to  the  great  circle,  the  equator,  and  its  average 
distance  along  this  small  circle  is  more  in  angular  measure  than  the  same 
distance  on  the  equator.  Hence  about  the  solstices  the  obliquity  of  the 
ecliptic  makes  the  solar  days  longer  than  the  average. 

As  the  true  solar  days  are  thus  unequal,  and  a  clock  cannot  be 
regulated  to  keep  true  solar  time,  and  yet  the  business  of  daily  life  is 
governed  by  the  rising  and  setting  of  the  sun,  astronomers  imagine  a  mean 
sun  that  moves  uniformly  along  the  equator,  and  which  is  never  far  on  one 
side  or  other  of  the  real  sun.  This  mean  sun  keeps  mean  solar  time,  and 
it  is  mean  noon  at  any  place  when  the  mean  sun  crosses  the  meridian  of 
that  place.    Greenwich  mean  time  (G.M.T.)  is  the  time  as  regulated  by 
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two  successive  transits  of  the  mean  sun  across  the  meridian  of  Greenwich 
A  mean  solar  day  is  divided  into  24  mean  solar  hours,  and  these  are  sub' 
divided  into  minutes  and  seconds.    These  are  the  hours  and  minutes  of 
a  good  clock  and  of  ordinary  life. 

It  will  now  be  readily  understood  that  the  mean  sun  will  sometimes  be 
in  advance  of  the  true  sun  and  sometimes  behind  it.  Sometimes  the  two 
causes  of  inequality  act  together,  and  sometimes  one  acts  against  the 
other.  The  small  differences  between  the  true  solar  day  and  the  mean 
solar  day  accumulate  for  a  time,  then  grow  less,  and  four  times  a  year  the 
two  measures  of  time  coincide.  Thus  on  September  i  the  mean  and 
apparent  noon  coincide ;  but,  the  true  solar  day  being  now  shorter  than 
the  mean  solar  day,  the  sun  passes  the  meridian  before  mean  noon  on  the 
next  day,  still  earlier  on  the  day  after  this,  and  so  on,  until  November  ^ 
when  the  sun  is  sixteen  minutes  before  the  clock  keeping  mean  time 
After  November  3  the  true  solar  day  gets  longer  than  the  mean  solar 
day,  and  the  difference  between  the  sun  and  the  clock  gets  smaller  and 
smaller  until  on  December  25  the  two  times  again  agree  and  both  noons 
occur  at  the  same  instant.  It  is  this  difference  of  time  between  the  real 
sun  and  the  mean  sun  that  is  called  the  'equation  of  time,'  and  astro- 
nomers require  it  ia  order  to  regulate  the  mean-time  clock.  The  equation 
of  time  is  given  in  certain  almanacs  for  every  day  in  the  year,  but  it  is 
sufficient  to  give  here  the  dates  on  which  the  equation  of  time  vanishes 
and  the  dates  on  which  it  has  its  greatest  value,  to  the  nearest  minute. 

February  II  ....  true  sun  15  minutes  slow. 

April  16  .  .        .        .        .  correct. 

May  14  .  .       .       .       .  4  minutes  fast. 

June  15   correct. 

July  26    .  .        .        .        .  6  minutes  slow. 

Septeinljer  I  ,  correct. 

Novembers  16  minutes  fast. 

December  25  .       .        .       .  correct. 

The  equation  of  time  is  positive  if  the  sun  is  'after  the  dock,'  that 
is,  if  the  true  sun  transits  after  the  mean  sun.  The  equation  of  time  is 
negative  if  the  sun  is  '  before  the  clock,'  that  is,  if  the  true  sun  transits 
before  the  mean  sun. 

One  of  the  effects  of  the  equation  of  time  is  to  make  the  interval  from 
sunrise  to  noon,  as  given  in  the  almanacs,  usually  unequal  to  that  between 
noon  and  sunset.  Forenoon  and  afternoon  are  not  of  the  same  length 
for  the  noon  of  the  almanac  is  mean  noon.  Thus,  when  the  sun  is  fe.st' 
he  passes  the  meridian  before  mean  noon,  and  the  forenoon  is  longer  than 
the  afternoon.  When  the  sun  is  slow,  or  after  the  clock,  he  does  not  pass 
the  meridian  until  after  mean  noon,  and  afternoon  is  longer  than  forenoon.' 
And  thus  we  see  why  the  afternoon  light  appears  to  last  longer  and  the 
sun  to  rise  later  some  time  after  Christmas  than  at  the  corresponding  time 
before  Christmas.  Of  course,  the  true  sun  always  crosses  the  meridian  at  a 
moment  that  divides  the  time  from  sunrise  to  sunset  into  two  equal  parts. 

A  figure  is  subjoined  to  show  graphically  the  value  of  the  equation  of 
time  at  different  parts  of  the  year.    In  the  upper  part  of  the  figure  the 

'  On  Feb.  il  mean  noon  is  15  minutes  before  true  noon,  and  therefore 
the  forenoon  is  shortened  and  the  afternoon  lengthened  by  this  amount, 
i.e.  the  afternoon  is  30  minutes  longer  than  the  forenoon.  On  Nov.  3  the 
forenoon  is  32  minutes  longer  than  the  afternoon.  In  fact,  the  lengths  of 
the  morning  and  afternoon  always  differ  by  tiuice  the  equation  of  time. 
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value  due  to  the  earth's  varying  speed  in  its  orbit  and  the  value  due  to 
the  obliquity  of  the  ecliptic  are  shown  separately.   

The  horizontal  line  divided  into  twelve  parts  to  represent  the  months  is 
the  zero  line,  and  the  distance  of  the  curves  above  or  below  the  lines  gives 
the  positive  or  negative  values  of  the  equation  of  time  according  to  the  scale 
of  minutes  on  the  left.  The  curve  CCCC  represents  the  part  of  he 
equation  of  time  due  to  unequal  velocity,  and  it  shows  that  the  maximum 
value  due  to  this  cause  is  about  7  minutes,  and  that  the  quantity  vanishes 
twice  a  year  under  this  influence  alone.  The  curve  B  B  B  B  represents  he 
part  of  the  equation  of  time  due  to  the  inclination  of  the  ecliptic  to  the 
equator,  and  it  shows  that  the  maximum  value  due  to  this  cause  is  about 
10  minutes,  the  quantity  vanishing  four  times  a  year. 

The  two  causes  sometimes  act  in  the  same  direction  and  sometimes  in 
opposite  directions.  Their  combined  effect  is  shown  in  the  curve  U  D  UiJ, 
and  from  this  curve  the  value  of  the  proper  equation  of  time  may  be 
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Fig.  225.— Graphic  representation  of  Equation  of  Time. 

estimated  approximately,  the  exact  value  for  every  day  being  given  in  the 
Nautical  Almanac.  As  an  example  of  the  use  of  this  almanac,  suppose 
that  the  true  sun  be  observed  on  the  meridian  of  Greenwich  on  a  certain  day. 
It  is  then  true  noon.  On  looking  at  the  date  in  the  almanac,  we  find  the 
equation  at  that  date  to  be  4  m.  17  s.,  and  this  is  'to  be  added  to 
apparent  time.'  The  mean  time  at  the  instant  of  observation  is  therefore 
o  h.  4  m.  17  s.,  and  this  is  the  time  the  mean-time  clock  should  indicate. 

329.  The  Celestial  Globe. — The  celestial  globe  is  a  ball  mounted  in  a 
framework,  and  upon  it  are  drawn  the  circles  of  the  celestial  sphere  and 
a  map  of  the  stars.  A  wooden  ring  going  round  the  globe  represents  the 
rational  horizon,  a  celestial  object  being  visible  if  it  be  on  that  part  of  the 
globe  above  the  plane  of  this  horizon.  The  meridian  is  represented  by  a 
vertical  brazen  graduated  circle,  and  the  globe  turns  on  an  axis,  the  ends  of 
which  are  the  poles.  Such  a  globe  may  be  used  to  illustrate  the  daily 
motions  of  the  heavenly  bodies,  as  well  as  other  astronomical  phenomena. 

X 
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To  use  the  globe,  however,  we  must  set  it  for  the  particular  latitude  where 
we  wish  to  note  these  motions.  To  do  this,  it  is  necessary  to  elevate  its 
north  pole  to  an  angle  above  its  horizon  equal  to  the  observer's  latitude 
for  we  have  learnt  that  the  altitude  of  the  pole  above  the  horizon  is  always 
equal  to  the  latitude  of  the  observer.  Having  set  the  globe,  we  shall  see 
on  turnmg  the  globe  round  its  axis,  the  path  of  any  particular  star,  and  be 
ab.e  to  note  the  extent  of  its  circuit  above  the  horizon.  Thus  if  the  pole  of 
the  globe  be  elevated  90°  so  as  to  point  to  the  zenith,  we  shall  represent 
the  situation  of  an  observer  at  the  north  pole,  and  the  stars  will  be  seen  to 
describe  circles  parallel  to  the  horizon.  If  now  we  place  the  poles  of  the 
globe  in  the  horizon,  we  are  able  to  understand  the  position  of  an  observer 
at  the  equator,  for  on  turning  the  globe  all  the  stars  will  be  seen  to  describe 
circles  perpendicular  to  the  horizon,  the  circles  diminishing  in  size  as  we  pass 
from  the  equator  to  either  pole.  When  the  pole  of  the  globe  is  elevated 
to  51^  ,  we  see  the  motion  of  the  stars  as  an  observer  at  London  does 

We  may  also  use  the  celestial  globe  to  represent  the  various  diurnal 
courses  of  the  sun  at  different  latitudes,  and  thus  to  examine  the  variations 
z  in  the  length  of  day  and 

night.  In  fig.  226  the  globe 
is  set  for  the  latitude  of 
London,  the  arc  H  P  being 
5 15°.  The  same  wooden  ring 
HFH  represents  the  ho- 
rizon, and  the  meridian  is 
represented  by  the  brazen 
ring  H  Z  M  passing  through 
the  zenith  Z  and  the  pole 
P,  and  this  meridian  meets 
the  horizon  at  right  angles. 
A  great  circle  drawn  per- 
pendicular to  the  polar  axis, 
of  which  one  half,  F  E  G,  is 
above  the  horizon,  repre- 
sents the  celestial  equator,  or 
equinoctial,  and  this  meets 
the  horizon  at  the  east  and 
west  points,  F  and  G.  The 
observer  is  at  O.  By  turn- 
ing the  globe  on  its  axis 
PQ,  it  will  be  seen  that 
when  the  sun  is  on  the 
equator  (a  small  piece  of 
paper  may  be  gummed  on 
in  position  to  represent  the 
sun)  it  will  in  the  course  of 
one  revolution  be  above  the  horizon  for  half  its  path  and  below  the 
horizon  for  another  half,  rising  exactly  east  and  setting  exactly  west. 
Day  and  night  are  thus  seen  to  be  equal  when  the  sun  is  on  the  equator. 
Now,  the  sun's  yearly  path  is  on  the  ecliptic,  the  line  crossing  ihe 
parallel  circles  in  the  figure,  and  this  crosses  the  equator  only  at  the 
vernal  and  autumnal  equinoxes.  After  March  21  the  sun  passes  north  of 
the  equator,  and  its  diurnal  path  ceases  to  be  a  great  circle  and  becomes  a 
small  circle  parallel  to  the  equator,  the  dimensions  of  which  gradually 
decrease  until  it  reaches  a  declination  23^"  (more  exactly  2j°  27')  north  of 


Fig.  226.— Celestial  Globe,  set  for  the  latitude  of 
LoHdon. 
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the  equator  on  June  21,  the  date  of  the  summer  solstice.    The^  point  <J 
indicates  the  position  of  the  summer  solstice,  the  arc  ab  being  23,^  .  The 
small  circle  I  I  represents  the  daily  path  of  the  sun  at  a  date  between 
March  21  and  June  21,  and  it  is  plain  that  the  part  of  this  circle  above 
the  plane  of  the  horizon  is  greater  than  the  part  below  it.    Hence  the 
length  of  day  exceeds  that  of  night.    Moreover,  the  rising  point  of  the  sun 
when  his  daily  path  is  on  the  small  circle  1 1  is  to  the  north  of  the  east 
point  F,  its  culmination  on  the  meridian  is  above  the  point  of  culmination 
when  on  the  equator,  and  its  setting-point  is  to  the  north  of  the  west  point 
G.    Increase  in  the  sun's  northern  declination  thus  increases  m  the 
Northern  Hemisphere  the  length  of  the  day  and  the  noonday  altitude  of  the 
sun,  and  increase  in  noonday  altitude  means  a  diminution  in  the  zenith 
distance.    Change  of  declination  also  causes  the  sun's  amplitude  of  rising 
and  setting  to  change.    A  small  circle  parallel  to  1 1  and  passing  from 
b  to  b'  would  represent  the  sun's  daily  path  when  its  declination  is  at  a 
maximum,  and  when,  therefore,  those  quantities  that  increase  with  increase  of 
declination  north  are  at  a  maximum.    After  the  summer  solstice  the  sun 
begins,  in  his  movement  on  the  ecliptic  (see  fig.   182),  to  return  to  the 
equator,  which  he  reaches  again  on  September  22,  the  autumnal  equinox, 
when  the  days  and  nights  are  again  equal.    After  September  22  the  sun's 
southern  declination  increases  ;  his  daily  path  becomes  a  small  circle  of  the 
celestial  sphere  parallel  to  the  plane  of  the  equator  and  to  the  south  of  it. 
This  circle  decreases  in  size  until  the  winter  solstice  is  reached,  December 
22. '  The  diurnal  path  of  the  sun  on  a  day  between  the  autumnal  equinox 
and  the  winter  solstice  is  re- 
presented by  the  small  circle 
J  J.    It  is  easy  to  see  that 
the  greater  part  of  this  circle 
is  below  the  plane  of  the 
horizon,  and  that  when  the 
sun  is   on  this  circle  day 
must  be  shorter  than  night, 
the  altitude  of  the  noonday 
sun  must  be  less  than  at  the 
equinox,  and  that  when  the 
sun  is  below  the  equator  he 
rises  to  the  south  of  east 
and  sets   to   the  south  of 
west.     A  small  circle  pa^ 
rallel   to  J  J   and  passing 
from  c  to  c'  would  represent 
the  sun's  daily  path  when 
its  southern  declination  is  at 
a  minimum,  and  when,  there- 
fore, the  days  are  shortest 
and    the   midday  altitude 
least.    From  December  22 
the  sun  passes  back  towards 
the  equator  and  a  series  of 
changes    in    the  relative 
lengths  of  the  days  and  nights     p-,^  227.  -Celestial  Globe,  set  for  latitude  75°  N. 
is  repeated  in  inverse  order, 

until,  when  the  sun  reaches  the  vernal  equinox  in  the  course  of  365I  days, 
the  cycle  of  changes  is  complete.    By  elevating  the  pole  to  a  greater 
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height  above  the  horizon,  we  shall  find  that  the  portion  of  the  sun's  daily 
path  above  the  horizon  after  he  leaves  the  vernal  equinox  increases  with 
increase  of  latitude,  until,  at  an  elevation  of  66.^,  the  sun  at  the  summer 
solstice  would  just  skirt  the  northern  horizon  at  midnight,  so  that, the 
longest  day  at  this  latitude  would  be  24  hours.  At  the  winter  solstice  the 
sun  at  noon  would  only  just  reach  the  horizon,  so  that  the  shortest  day 
would  be  a  day  without  the  sun.  ^ 
Going  to  a  still  higher  latitude,  as  75°  N.,  where  the  pole  is  only  15° 
from  the  zenith,  we  should  find  that  the  sun  in  his  daily  path  after  the 
vernal  equinox  remained  still  longer  above  the  horizon  each  day,  and  as  his 
declination  gradually  increased,  the  whole  of  the  diurnal  path  day  after  dav 
for  103  days  wou  d  be  above  the  horizon.  Fig.  227  shows  a  globe  set  for 
a  northern  latitude  of  75°.  When  the  sun  is  on  the  equator  at  this  latitude 
as  at  any  other  latitude  north  of  the  equator,  he  rises  in  the  east  sets  in 
the  west,  and  day  and  night  are  equal.  But  as  he  passes  northward  in 
Ins  path  along  the  ecliptic,  the  portion  of  his  daily  path  that  appears  above 
the  horizon  rapidly  increases,  and  soon  the  whole  of  the  path  day  after  day 
is  above  the  horizon  Thus  in  the  figure  the  small  circle  1 1,  representing 
Ins  daily  path  as  before  at  a  date  intermediate  between  the  vernal  equinox 
and  the  summer  solstice,  only  just  reaches  the  horizon.  At  a  latitude  of 
75  N.  a  little  calculation  will  show  that,  after  a  declination  of  15°  N  is 
reached,  the  whole  of  the  sun's  daily  path  will  be  above  the  horizon  until 
the  sun  attains  its  maximum  declination  23^°  N.,  and  returns  again  to  that 
ot  15   N.    It  will  be  noted  that  the  greatest  noonday  altitude  of  the  sun 


latitude  is  only  15°  +  23 J°  =  38^°. 


Thus  is  explained  the  phe- 
nomenon of  the  midnight  sun 
within  the  Arctic  Circle.  The 
decrease  in  the  length  of  day 
and  night  as  the  sun  passes 
south  of  the  equator,  and  the 
continuous  darkness  of  winter 
for  many  days  at  this  lati- 
tude will  be  readily  under- 
stood. Passing  to  the  north 
pole  itself,  we  should  there 
find  the  sun's  daily  path  to 
be  in  small  circles  exactly 
parallel  to  the  horizon.  The 
sun  at  the  summer  solstice 
would  perform  his  daily  cir- 
cuit of  the  heavens  in  a 
circle  always  23^°  above  the 
horizon,  at  the  equinoxes  his 
path  would  be  on  the  horizon, 
and  at  the  winter  solstice  his 
paih  would  be  on  a  circle 
23P  below  the  horizon  (see 
fig.  186).  The  path  at  inter- 
mediate dates  can  be  easily 
realized. 

Passing  to  the  extreme  of 
Fig.  228.  *^''^»  to        equator,  an  ob- 

server there  would  see  the 
BUK  perform  his  daily  path  in  vertical  circles  perpendicular  to  the  plane  of 


Length  of  Day  309 

the  horizon.  Fig.  228  shows  a  globe  set  for  latitude  0°.  Day  and  night 
would  always  bf  equal,  as  one  half  of  the  sun's  daily  path  would  a  ways 
be  above  the  horizon,  and  one  half  always  below.  ^^Je  sm 
twice  in  the  zenith.  At  midsummer  he  would  have  a  zen  h  distance  of 
2^i°  north  of  the  equator,  and  at  the  midwinter  a  zenith  distance  of  23., 
south  of  he  equator.  The  amplitude  of  his  rising  and  setting  points 
woukl  va  y  to  The  same  extent."^  We  add  a  table  giving  the  number  of 
days  during  which  the  sun  does  not  set  in  summer  nor  rise  in  wintei  at 
various  latiiudes  in  the  Northern  Hemisphere  :— 

North  Sun  does  not  set  Sun  does  not  rise 

Latitude.  for  about  for  about 

66°  11'  I  day  I  day 

70  65  days  60  days 

75  103  97 

80  134  „  127  „ 

81:  161   ,,  153  " 

9D  186  „  179  >. 

The  difference  between  the  number  of  days  on  which  the  sun  never  sets 
and  the  number  on  which  he  does  not  rise  is  accounted  for  by  the  fact  that 
he  takes  about  seven  days  longer  to  move  through  the  portion  of  his  yearly 
path  north  of  the  equator  than  he  takes  to  move  through  the  portion  south 
of  the  equator  (par.  317).  ,  ,    ,       ,     r  j       .  t«-  ^ 

We  may  also  remark  that  in  speaking  of  the  length  of  day  at  ditterent 
latitudes,  no  account  is  taken  of  refraction  (par.  325).  At  the  horizon  the 
mean  refraction  is  about  33',  and  the  effect  of  this  is  to  accelerate  the  time 
of  sunrise  and  to  retard  the  time  of  sunset.  As  the  mean  apparent 
diameter  of  the  sun  is  about  32',  the  sun  appears  to  be  just  above  the 
horizon  when  in  reality  it  is  just  below. 

330.  The  Sundial. — In  speaking  of  the  sundial  (par.  295),  we  stated 
that  the  style  or  gnomon,  which  is  usually  a  rod  or  the  edge  of  a  thin  plate 
of  metal,  must  be  parallel  to  the  earth's  axis.  It  must,  therefore,  point  to 
the  celestial  pole,  and  make  an  angle  with  the  horizontal  dial-plate  equal 
to  the  latitude  of  the  place.  At  London  this  angle  will  be  512°;  at 
Edinburgh,  56°  ;  and  thus  a  dial  serviceable  at  one  latitude  will  be  of  no 
use  at  a  different  latitude.  Since  the  daily  apparent  motion  of  the  sun  due 
to  the  earth's  rotation  appears  to  carry  it  round  the  earth's  axis  in  24  hours, 
the  sun  also  appears  to  travel  round  the  style  of  the  dial,  and  it  thus  casts 
the  shadow  of  the  style  upon  the  side  of  the  dial  away  from  the  sun.  At 
noon,  when  the  sun  is  on  the  meridian  of  the  place  of  observation,  the 
shadow  will  be  cast  exactly  north.  As  the  sun  appears  to  move  through 
15°  each  hour,  the  position  of  other  hour-lines  on  the  dial-plate  may  be 
found  by  marking  the  position  of  the  shadow  at  the  end  of  each  movement 
of  the  sun  through  15°.  The  graduations  that  mark  the  hours  on  a  dial- 
plate  are  not  at  equal  intervals,  as  the  horizontal  plane  of  a  plate  is  not 
perpendicular  to  the  earth's  axis,  except  at  the  poles. 

The  difference  between  sundial  time  and  mean  clock  time  is  sufficiently 
explained  in  pars.  309  and  328. 
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[To  be  taken  in  connection  xvith  Chapter  //.) 


Principles  of  Mechanics,  Notes,  etc. 

xxi  Force,  Weifflit,  Mass.— We  have  already  said  that  is  any 

cause  which  changes  or  tends  to  change  a  body's  state  of  rest  or  motion 
and  that  viass  is  the  quantity  of  matter  contamed  m  a  body  (par.  14)- 
Now  iust  as  the  unit  of  length  is  an  arbitrary  distance  chosen  i^or  con- 
venience (a  foot  in  the  English  system,  a  metre  m  the  metric  system),  so  the 
un?t  of  mass  is  an  arbitrary  q/antity  of  matter.    In  the  Enghsh  system 
this  unit  of  mass  is  the  pound  avoirdupois  containing  7000  grains ;  in  tne 
metric  system  it  is  the  mass  of  one  cubic  centimetre  of  water  at  its  maxi- 
mum density,  and  is  called  a  gram.    But  the  word  '  pound  '  is  used  in  two 
Sres  and  Ais  leads  to  confusion  unless  it  is  carefully  noted.  Sometimes 
the  word  'pound  '  is  used  for  the  force  of  the  earth's  attraction  on  a  body, 
i.e.  the  weight  of  a  body  (par.  13) ;  sometimes  the  word  is  used  for  the 
quantity  of  matter  contained  in  a  body.    Now  since  the  force  of  gravitation 
varies  inversely  with  the  square  of  the  distance  (par.  20),  it  is  plain  that  the 
weight  of  a  body  becomes  less  when  taken  farther  from  the  earth  s  centre, 
ereater  when  brought  nearer.    Hence  the  weight  of  a  body  is  greater  at 
the  poles  than  at  the  equator  (par.  18) ;  less  on  the  top  of  a  tower  than  at 
the  foot    But  the  mass  or  quantity  of  matter  is  the  same  in  each  case.  Hence 
there  is  a  distinction  between  a  mass  of  one  pound,  which  is  an  invariable 
quantity  of  matter,  and  a  weight  of  one  pound,  which  is  a  force  varying  in 
amount  according  to  its  distance  from  the  centre  of  the  earth  (par.  17). 
Still,  we  may  compare  the  masses  of  two  bodies  by  comparing  their  weights 
under  the  same  conditions  as  mass  is  proportional  to  weight. 

Momentum.— or  Quantity  of  Motion,  denotes  the 
product  of  the  mass  of  a  moving  body  into  the  velocity  with  which  it  moves. 
We  may  take  as  the  unit  of  momentum  a  body  of  i  lb.  which  is  moving 
with  a  uniform  velocity  of  i  foot  in  i  second.  Then  the  numerical  value 
of  the  momentum  of  a  body  is  ihe  product  of  the  number  of  pounds  in  it 
by  the  number  of  units  of  velocity  with  which  it  is  moving.  Experiment 
shows  that  when  force  produces  motion  in  a  body,  the  momentum  pro- 
duced in  one  second  is  proportional  to  the  force.  Hence  force  can  be 
measured  by  the  momentum  it  is  capable  of  producing  in  a  unit  of  time. 
A  ball  of  lead  weighing  10  lbs.  and  moving  with  a  velocity  of  18  feet  a 
second  would  strike  an  obstacle  with  the  same  force  as  a  ball  weighing 
30  lbs.  and  moving  with  a  velocity  of  6  feet  a  second;  The  momentum  or 
mass- velocity  in  both  cases  equals  180. 
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Thus  momentum  =  mass  X  velocity,  and  the  momentum  produced  bv 
a  force  ,s  exactly  proportional  to  the  force,  so  that  force  can  be  meSred 
by  the  momentum  it  produces.  Further,  when  several  forces  ac^ upon  a 
body,  each  produces  motion  m  its  own  direction. 

333.  Composition  of  Forces.— We  often  wish  to  know  what  effect  t'wo 
or  more  forces  have  upon  a  body,  and  thus  to  find  out  what  sincle  force 
will  produce  the  same  result  as  all  the  others  combined.  This  single  forro 
is  called  the  resnltan/,  and  the  problem  of  finding  it  is  known  as  the 
Lomposttion  of  Forces. 

\\     t^?,,^°^<=t^  ^""^      the  direction  on  a  point  in  a  body,  their 

resultant  will  be  the  sum  of  the  magnitudes  of  the  forces,  and  will  act  in 
the  same  direction  as  the  forces,  since  each  force  produces  its  own  effect 
e.g.  the  resultant  force  applied  to  a  waggon  drawn  by  a  team  of  horses  is 
tlie  sum  of  the  individual  efforts  of  each  horse. 

II.  li  iwo  forces  act  in  exactly  opposite  directions  on  a  point  in  a  body 
their  resultant  will  be  the  (arithmetical)  difference  of  the  magnitudes  of  the 
forces,  and  will  act  in  the  direction  of  the  greater  force.    Thus  if  a  man 
IS  rowing  a  boat  up  a  stream  with  a  certain  force,  he  will  either  propel  the 
boa   forward,  or  will  drift  back,  according  as  the  force  he  exerts  on  the 

°^  ^^^^  °^      st''^^'"'  and"  the  rate  of  progress  will 

be  the  difference  between  the  speed  due  to  the  current  and  that  due  to  the 
force  exerted  by  the  rower.  Thus,  if  the  rate  of  the  stream  is  two  miles 
an  hour,  and  the  rate  of  the  boat  due  to  the  force  exerted  by  the  man  I  e 
hve  miles  an  hour,  the  resultant  force  on  the  boat  will  be  equivalent  to  a 
rate  of  three  (5  -  2)  miles  per  hour.  If  the  forces  are  equal  and  act  in 
exactly  oppo  site  directions,  the  body  upon  which  they  act  will  have  no 
tendency  to  move.    It  is  then  said  to  be  in  equilibrium. 

(If  there  are  more  than  two  forces  acting  in  opposite  directions  it  is 
obvious  from  what  has  been  said  that  their  resultant  can  be  found  by 
summing  up  all  the  forces  acting  in  the  one  direction,  and  all  the  forces 
acting  in  the  other,  and  then  finding  the  resultant  of  these  two  forces.) 

III.  When  the  forces  act  at  an  angle  to  each  other,  the  magnitude  and 
direction  of  their  resultant  is  not  so  readily  seen. 

Let  us  consider  first  the  case  of  tzuo  forces,  one  of  12  lbs.  and  the  other 
of  35  lbs.,  acting  upon  a  point  O  of  a  body  in  directions  making  an  angle 

of  go°.  Now  we  can  repre- 
sent a  force  exactly  by  a 
straight  line,  the  length  of 
the  line  being  proportional 
to  the  force  and  its  direction 
indicating  the  line  of  action. 

Draw  therefore  two  lines 
at  right  angles  to  each  other 
through  the  given  point  O. 
^  Then  take  ary  scale,  e.g.  ^ 
inch  to  represent  a  lb.,  and  set 
off  35  divisions  along  one  line,  and  12  divisions  along  the  other.  Using  O  B 
and  O  A  as  adjacent  sides,  and  completing  the  parallelogram  O  B  C  A,  we 
find  the  diagonal  O  C  represents,  both  in  magnitude  and  direction,  the 
resultant  of  the  forces  acting  at  O.  Its  numerical  value  is  got  from  the 
scale,  and  its  direction  by  actual  measurement  of  the  angle.  We  should 
find  it  to  be  in  this  case  a  force  of  37  lbs.  acting  at  an  angle  of  30°  to  the 
direction  of  the  larger  force. 

This  theorem  is  true  for  all  angles,  and  is  known  as  the  paraUclogram 
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nffnrccs  beint?  often  stated  thus  :-//  tivo  forces  actingat  apomt  be  reprc- 

Section  ij.  ^--^y-y  ft 

then  their  rtsultant  or  conjoint  effect  is  represented  both  m  ''^^^f  ^ff/^ 
direction  by  that  diagonal  of  the  parallelogram  winch  f  asses  thwugh  the 

means  of  this  proposition  we  can  find  the  resultant  of  n^^^^/  of 
forces  acting  at  a  point  by  taking  any  two  of  the  forces,  findmg  their 
resuUant,  thL  finding  the  resultant  of  the  first  resultant  and  another  force  ; 
and  so  on,  until  we  get  the  final  resultant  of  all  Vhe  forces. 

IV.  If  the  forces  act  in  a  parallel  direction,  their  resultant  is  the  r  sum, 
if  acting  in  the  same  direction,  but  is  equal  to  their  difference  if  acting  in 
opposit?  directions.  The  method  of  finding  the  point  at  which  it  acts  is 
shown  in  books  treating  of  mechanics.  .  . 

■i-iA.  Resolution  of  Forces.— Just  as  several  forces  acting  upon  a  point 
may  be  composed  into  one  resultant,  so  one  force  may  be  divided  into 
several  others  called  its  'components,'  which  combined  together  are 

equivalent  to  it.  r  r  ■c  -r 

This  is  done  by  means  of  the  parallelogram  of  forces,  tor  it  we 
represent,  as  we  can  do,  the  original  force  by  a  straight  line,  we  can  regard 
this  line  as  the  diagonal  of  a  parallelogram  whose  sides  we  are  trying  to 
find.  But  round  one  diagonal  any  number  of  parallelograms  can  be  placed, 
and  to  determine  the  magnitude  of  two  components  we  must  know  the 
directions  they  are  to  have  so  as  to  fix  which  of  these  parallelograms  is  the 
one  we  must  take ;  or  vice  versd,  to  determine  the  direction  of  the  com- 
ponents, we  must  know  their  magnitudes. 

It  is  usually  convenient,  however,  to  determine  the  horizontal  and 
vertical  components  of  a  force ;  that  is  to  say,  to  determine  them  when  the  • 
angle  between  the  two  component  forces  is  a  right  angle. 

Thus,  suppose  a  man  is  pulling  a  block  of  stone  along  the  ground 
by  means  of  a  rope  passing  from  the  stone  to  his  hand.    Now  all  tlie 


Fig.  230. 

force  exerted  by  the  man  is  not  used  in  dragging  the  stone.  If,  how- 
ever, we  '  resolve '  the  force  into  its  horizontal  and  vertical  components  by 
means  of  the  parallelogram  of  forces  we  can  find  by  comparing  on  the  same 
scale  the  length  of  the  line  representing  the  original  force  with  those 
representing  the  components,  what  portion  of  the  force  exerted  by  the  man 
is  used  in  dragging  the  stone  along,  and  what  portion  tends  to  lift  the 
stone. 

Suppose  the  force  exerted  by  the  man  is  equal  to  a  weight  of  50  lbs. 
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acting  at  an  angle  of  30°  to  the  horizon.  Letting  i  inch  represent  2c  lbs 
draw  a  ine  A  B,  2  inches  long,  and  then  draw  the  parallelogram  with  i; 
adjacent  sides  at  right  angles.  This  will  give  the  vertical  and  horizontal 
components  of  the  force,  the  former,  A  D,  in  this  case  being  represented  bv 
a  line  i  inch  long,  and  the  latter,  A  B,  by  a  line  V3  inches  long.  H^nce 
we  learn  that  a  force  equal  to  a  weight  of  25  sj l  lbs.  is  being  spent  in 
moving  the  stone  onward,  and  one  of  25  lbs.  in  tending  to  raise  it  upward 

By  inclining  the  rope  at  various  angles  to  the  ground,  and  determining 
the  components  in  each  case  on  completing  the  parallelogram,  the  student 
can  find  out  for  himself  what  effect  the  inclination  of  the  rope  has  upon  the 
relative  magnitudes  of  the  components,  and  thus  prove  why  less  force  is 
required  to  drag  the  stone,  the  more  the  direction  of  the  force  is  parallel  to 
the  direction  of  motion  of  the  stone. 

Other  examples  of  the  resolution  of  a  force  into  its  components  are 
afforded  by  the  towing  of  a  boat  by  a  person  on  the  bank  of  the  stream 
and  the  action  of  the  wind  in  raising  a  icite  or  in  blowing  a  ship  alon?' 
even  in  a  direction  nearly  opposite  to  its  own.  ^' 
335-  Parallelogram  of  Velocities.-Just  as  one  force  can  be  found  which 
IS  the  combined  effect  of  two  other  forces,  so  the  resultant  of  two  or  more 
simultaneous  velocities  may  be  found. 

A  velocity,  like  a  force,  can  be  represented  by  a  straight  line,  its  direction 
being  represented  by  the  direction  of  the  line,  and  its  magnitude  bv  the 
length  of  the  line.  Therefore,  « if  a  body  have  given  to  it  at  the  same  time 
two  velocities,  which  can  be  represented  by  the  two,  sides  of  a  parallelosrram 
then  luiU  the  resultant  velocity  be  also  represented  in  magnitude  and  direction 
by  the  diagonal  drazutt  through  the  point  of  application.' 

Consider  the  case  of  a  stone  dropped  from  a  balloon  which  is  sailinf' 

through  the  air  horizontally^ 
Just  before  being  let  go,  the 
stone  has  only  one  velocity, 
viz.  that  of  the  balloon,  but 
on  being  released  the  force  of 
gravity  imparts  another  ve- 
locity to  the  stone.  If  A  B 
represent  the  horizontal  ve- 
locity of  the  stone,  and  A  C 
the  vertical  velocity,  on  com- 
pleting the  parallelogram,  the 
diagonal  A  D  will  represent 
the  resultant  velocity,  though 
„  the  continuous  action  of  gravity 

r  IG.  231.  •  T.  ,1 

in  reality  causes  the  stone  to 

describe  the  curved  path  indicated. 

336.  Conversion  of  Rectilinear  into  Circular  Motion.— When  a  body  is 
moving  in  a  straight  line,  the  motion  is  termed  rectilinear;  when  a  body 
moves  in  a  curve,  the  motion  is  termed  curvilinear,  or  if  the  curve  be 
equidistant  from  a  fixed  point,  circular. 

Newton's  first  law  of  motion  (par.  12),  shows  that  when  a  body  is 
once  put  in  motion,  it  will  continue  to  move  in  a  straight  line  with  uniform 
speed  unless  acted  upon  by  some  force.  Hence  in  every  case  of  curvilinear 
motion,  there  must  be  a  force  deflecting  the  moving  body  from  a  rectilinear 
path.  If  a  body  is  moving  uniformly  in  any  other  path  than  a  straight 
line,  some  force  must  be  continuously  deviating  it  from  a  straight  line. 
Consider  the  case  of  a  stone  swung  round  in  a  circle  at  the  end  of  a  string. 
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YiQ,  232— Showing  how  a  stone  whirled  in  a  circle 
would  fly  off  at  a  tangent  if  suddenly  released. 


If  the  string  should  break,  the  stone  will  move  off  in  a  straight  line  along 
a  tangent  t^o  the  circle  at  whatever  point  in  the  circle  the  stone  happened 
to  b^  The  force  that  converts  this  rectilinear  motion  into  a  cuculai 
motion,  or  the  force  which  com- 
pels the  stone  to  describe  a 
circle,  is  called  the  centripetal 
force  (Lat.  pdo,  I  seek),  be- 
cause it  is  a  force  seeking  or 
acting  towards  the  centre  of  the 
circle.  This  force  is  constant 
in  magnitude,  and  being  always 
at  right  angles  to  the  direction 
of  the  moving  body,_  neither 
accelerates  nor  retards  it. 

The  rectilinear  motion  of  a 
body  may  therefore  be  con- 
verted into  circular  motion  by 
a  force  acting  continuously  upon 
the  body  at  right  angles  to  its 
natural  rectilinear  path.  For 
uniform  circular  motion,  the 
value  of  this  centripetal  force 
is  represented  by  the  formula 

f~        where  m  is  the  mass  or  weight  of  the  body,  v  the  velocity,  and 

the  radius,  i.e.  the  force  varies  directly  as  the  mass  of  the  body  multiplied  by 
the  square  of  the  velocity.  This  shows  that  when  a  stone  is  whirled  round 
by  a  strino-,  the  larger  the  stone,  or  the  quicker  it  whirls,  the  greater  is  the 
centripetal  force.  The  force  exerted  by  the  hand  drawing  the  stone 
towards  the  centre,  and  causing  the  tension  in  the  string,  is  this  centripetal 
force.  There  is  of  course  (par.  32,  note)  the  reaction  of  the  stone  upon  the 
string  which  is  equal  and  opposite,  and  this  is  sometimes  spoken  of  as 
ce7itrifusal force  (Lat.  ftigio,  I  flee).  The  tendency  of  the  stone,  however, 
is  not  to  move  outwards  from  the  centre,  but  in  a  straight  line  tangential 
to  the  circle,  in  consequence  of  its  inertia,  and  it  is  only  turned  from  its 
natural  straight  path  by  the  central  force  pulling  it  into  a  circular  path. 

Examples  of  centripetal  force  may  be  found  in  astronomy.  The  moon's 
motion  is  due  to  a  combination  of  two  velocities,  revolving  round  the  earth 
in  an  orbit  nearly  circular  because  deflected  from  a  natural  rectilinear  path 
by  a  centripetal  force,  viz,  the  earth's  gravitative  attraction.  In  fact, 
Newton  showed  that  its  path  may  be  regarded  as  compounded  of  an 
original  impulse  in  a  rectilinear  direction,  and  a  constant  pull— the  force  of 
gravitation— towards  the  earth's  centre,  and  that  generally,  were  a  planet 
projected  with  a  certain  velocity  in  a  direction  at  right  angles  to  the  radius 
connecting  the  planet  and  the  sun,  the  planet  would  for  ever  describe  a 
circle  round  the  sun.  .       ,  . 

It  is  easy  to  understand  that  some  modification  of  this  velocity  or 
direction  of  projection  may  lead  to  other  closed  curves  than  a  circle,  e.^.  an 
ellipse,  and  the  law  of  gravitation,  according  to  which  the  force  of  attrac- 
tion varies  inversely  as  the  square  of  the  distance,  combined  with  a  certain 
specific  initial  impulse  has  been  proved  to  explain  the  elliptical  paths 
of  the  planets,  and  their  varying  velocity  in  different  parts  of  the  orbit 
(fig-  176). 

337.  Machines  and  the  Mechanical  Powers. —Energy  is  the  power  of 
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doing  work  (par.  39).  In  many  cases  it  is  inconvenient  or  not  practicable 
to  apply  the  energy  to  do  work  direcily. 

A  contrivance  for  transferring  energy  in  such  a  manner  that  it  may  be 
applied  advantageously  or  conveniently  is  called  a  machine. 

The  source  from  which  the  energy  is  derived  is  called  the  i>owei-W\Q 
body  which  receives  it  being  called  the  resistance  or  weight. 

Of  course  it  must  be  borne  in  mind  that  energy,  like  matter,  cannot  be 
created,  and  therefore  that  no  increase  in  the  quantity  is  ever  effected  by 
any  machine.    It  merely  transforms  it  or  alters  its  point  of  application. 

Amount  of  work  done,  or  amount  of  energy  spent,  is  measured  in 
mechanics  by  the  proJuct  of  the  resistance  overcome  into  the  distance 
through  which  it  is  overcome.  Thus  by  lilting  a  weight  of  I  lb.  6  feet 
high,  I  do  the  same  amount  of  work  as  lifting  a  weight  of  6  lbs!  I  foot 
high,  the  amount  done  being  in  both  cases  6  units  of  work,  or  6  foot- 
pounds, the  unit  of  work  being  the  work  done  in  raising  i  lb.  i  foot 
high.  Now  most  machines  are  contrivances  by  means  of  which  a  small 
power  moving  through  a  large  space  is  enabled  to  move  a  large  resistance 
through  a  small  space.  Hence,  if  we  disregard  the  friction  '  between  the 
parts  of  the  machine,  we  have — 

Power  X  its  space  =  weight  or  resistance  X  its  space. 

This  principle  is  sometimes  expressed  by  saying  that — 

'  What  is  gained  in  power  is  lost  in  speed,' 

since  the  power  has  to  pass  through  a  larger  space  than  the  resistance,  if 
a  small  power  is  to  move  a  large  resistance. 

The  Mechanical  Advantage  of  a  machine  is  the  ratio  of  the  weight  to  the 
power,  and  may  be  obtained  by  dividing  the  space  moved  through  by  the 
power  by  that  moved  through  by  the  weight  or  resistance,  e.g.  in  using  a 
crowbar,  if  the  end  where  the  power  is  applied  is  moved  through  2  feel, 
whilst  the  other  end,  placed  under  a  block  of  stone,  moves  through  3  inche'^, 
the  mechanical  advantage 

_    2  feet   _  24  _  g 

3  inches      3  ' 

i.e.  a  pressure  of  co  lbs.  would  lift  a  block  of  stone  20  X  8,  i.e.  160  lbs.  in 
weight,  though  exactly  the  same  amount  of  work,  viz.  40  fo.-t-pounds,  has 
been  done  at  each  end  of  the  bar. 

The  Mechanical  Poivers. — All  machines,  however  complicated,  are 
composed  of  the  so-called  mechanical  powers,  each  one  cf  which  may  be 
regarded  as  a  typical  machine.  The  ones  with  which  we  are  concerned 
are  the  lever,  the  pulley,  the  inclined  plane,  and  the  screw. 

338.  The  Lever.— A  lever  is  a  rigid  bar  or  rod  resting  upon  and  capable 
of  motion  about  a  fixed  support  or  axis  called  the  ftilcrian.  The  power 
and  the  resistance  are  applied  at  various  points  of  this  rod. 

There  are  three  different  kinds  or  orders  of  levers,  according  to  the 
relative  positions  of  the  fulcrum,  the  power,  and  the  resistance. 


'  Friction. — In  actual  use,  the  power  required  for  working  a  machine 
is  always  greater  than  it  should  be  if  we  calculate  it  from  the  strict 
mechnnical  advantage.  This  is  due  to  the  fact  that  a  certain  amount  of 
the  power  is  used  up,  not  in  overcoming  the  resistance  or  weight,  but 
in  overcoming  the  surface  rubbing  or  friction  between  the  various  parts  of 
the  machine 
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.  .    ,       -A  ii„     .  hptween  the  power  and  the  weight, 
If  the  fnlcnun  h  in  he  A  crowbar,  an  ordinary 

the  lever  is  said  to  be  of  the  first  order ^  or  Una. 

balance,  a  steelyard,  a  boy's  '  see-saw,  are      a  f  b 

examples  of  the  first  kind  of  lever,  a  pnr 
of  scissors  being  a  double  lever  of  this  class 

In  a  lever  of  the  second  kind,  the  weight 
is  between  the  power  and  the  fulcrum, 
as  in  the  case  of  a  wheelbarrow  or  a  gate 
on  its  hinges.  A  pair  of  nutcrackers  is  an 
example  of  a  double  lever  of  this  kind. 

In  a  lever  of  the  tJnrd  kind,  the  fo%ver 
is  in  the  middle       between  Ui^  fidcrum  and  ^^^^^^^  ^^^^^^ 

the  resistance,  as,  f.^.,  in  a  pair  01  ioiii,s  ui^^  1^    ^^^^^^^  ^^^^^ 


0 


Fig.  233.— First  order. 
(Fulcrum  in  the  middle.) 


© 


Fig.  235- — Third  order. 
(Power  in  the  middle.) 


Fig.  234.— Second  order. 
(Weight  in  the  middle.) 
the  leneths  of  which  are  measured  from  the  fulcrum.  Thus,  the  distance 
?om  the  power  to  the  fulcrum  is  one  arm  (sometimes  called  the  power  arm), 
iXha?  From  the  resistance  to  the  fulcrum  the  other  arm  (resistance  arm) ; 
Jxld  riSS  by  its  arm  is  equal  to  .aeight  nudtiphed  by  zts  arm; 

and  this  rule  may  be  called  the  principle  of  the  lever. 

In  ca  culating  the  mechanical  advantage  of  a  lever,  we  may  consider 
the  lengths  of  the  arms  instead  of  the  distances  moved  through  by  he 
power  and  resistance,  for  it  is  obvious  that  the  latter  are  dependent  on  the 
fomer  Thus,if  the  power  arm  is  twice  as  long  as  the  resistance  aim, 
the  power  will  move  through  twice  as  much  space  as  the  resistance  when 
the  Kr  isTn  use.    In  the  case  of  a  lever,  therefore,  we  may  say  that 

length  of  the  power  arm 
the  mechanical  advantage  =  f^^fj^j^^he  resistance  arm 

in  a  lever  of  the  first  order,  which  we  will  suppose  is  used  to  raise  a 
stone  (fig.  2^6),  the  distance  of  the  power  from  the  fulcrum  is  5  feet,  and 
that  of  the  resistance  is  I  foot.  What  power  would  be  required  to  move  a 
weight  of  40  lbs.  ? 

5  f^eet 

Here  mechanical  advantage  =  ^        -  5 

i  e  a  power  of  i  lb.  would  move  a  weight  of  5  lbs. ;  therefore  to  move  a 
weight  of  40  lbs.  a  power  of  f,  i.e.  8  lbs.,  would  be  required.  _ 

In  a  lever  of  the  first  kind  there  may  or  may  not  be  a  mechanical  advan- 
tage •  in  a  lever  of  the  second  kind  there  must  be  a  mechanical  advantage, 
since  the  power  is  always  further  from  the  fulcrum  than  the  resistance; 
whilst  in  a  lever  of  the  third  kind  we  get  a  mechamcal  disadvantage,  since 
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SLtrjowen  -"^^^^  ^'^-"^h  ^  greater  space 

Hence,  in  this  case,  the  power  will  always  have  to  be  m-oitr^r  .l>nn 
resistance,  and  levers  of  this  kind  are,  cons'equently^nly'iS^ll.e^e  it  is 


Fig.  236. 


required  to  move  a  small  weight  through  a  large  space,  and  where  plenty 
of  power  IS  available.  H'cni^ 

In  actual  use,  the  weight  of  the  lever,  which  we  have  nedected  here 
would  have  to  be  taken  into  account.  ' 

339.  The  Pulley.— A  pulley  is  a  wheel  having  a  grooved  circumference 
or  edge,  and  turning  freely  in  a  frame-work  called  the  block  In  the 
groove  a  cord  is  placed,  to  one  end  of  which  the  power  is  attached 

Pulleys  are  of  two  \.\w&%— fixed ptdleys  and  movable  pulleys. 

A  fixed  pulley  is  one  wiiich  is  attached  to  some  stationary  support,  such 
as  a  beam,  so  that  the  pulley,  as  a  whole,  does  not  change  its  position. 
Un  the  other  hand,  a  movable  pulley  is  one  which,  as  the  weights  are  raised 
or  loM-ered,  changes  its  position. 


Fig.  237.— Fixed  Pulley. 


Fig.  238.— Single  Movable  Pulley. 


Fixed  pulleys  are  used  to  alter  the  direction  of  the  applied  force,  and 
give  no  mechanical  advantage.  A  man,  to  lift  a  weight,  must  exert  force 
in  an  upward  direction,  but  with  the  help  of  a  fixed  pulley  he  can  apply  it 
much  more  conveniently  downwards.    Since,  however,  the  power  and  the 
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resistance  always  move  through  the  same  space  Oiei^  --J^"^^^^ 
advantage,  and  the  force  required  to  raise  the  weight  is  the  same  wlieiner 

^  S^Sf  attached  to  the  resistance,  the ^onl  passing 

round  it  being  fastened  at  one  end  to  ^0-^,/^'^^^  supij^^^t  w  1st  to  tl  e 
other  end  the  power  is  applied  {vide  fig.  238).  The  end  of  the  coui  to 
which  the  power  is  applied  is  often  led  over  a  fixed  pulley,  simply  for  the 

"'a  fitde'roiht'or,  better  still,  a  little  practice  with  a  movable  pulley) 
will  enable  tSudeut  to  see  that  to  raise  the  resistance  one  inch  the  power 
m    t  pSs  tl  ro^^^^^^^  or,  more  generally,  the  povver  passes  through 

tw  ce  as  mixch  space  as  the  resistance.  Hence  the  mechanual  advantage 
7one  ZZMeplll^y  is  t^vo  {vide  fig.  238) ;  that  is,  with  the  ajd  of  this  pu^ey 
/man  could  lift  a  hundredweight  by  applying  a  force  equal  to  tl  e  weight 
of  q6  lbs.    Two  movable  pulleys  give  an  advantage  of  four,  and  so  on. 

Several  pulleys  are  often  combined  together  in  various  ways,  so  as  to 
increase  the  mechanical  advantage,  forming  what  are  k""^;^  f^Vl^Xred 
systems  of  pulleys,  but  for  a  further  account  of  these  the  reader  is  leferred 

to  books  on  mechanics.  ,  .    , ,    1  t, 

We  have  neglected  the  weight  of  the  pulley  and  its  block,  because  hey 
are  usually  so  small  when  compared  to  the  other  forces  acting  ;  and  they 
may  thus  be  regarded  as  weightless  pulleys.  .  r  •      „  tl^^t 

A-ain,  we  have  assumed  that  our  pulleys  work  without  friction,  so  that 
the  tension  of  a  string  which  passes  round  a  pulley  is  the  same  on  each 
side  of  it.  Allowing  for  these  two  small  errors,  what  has  been  statea 
above  actually  occurs.  •  .     r  „  ,.io„» 

C540  The  Inclined  Plane.— This  mechanical  power  consists  of  a  plane 
or  smooth  surface  inclined  to  the  horizontal  at  a  certain  angle,  known  as 
an^le  of  inclination.  .      „  1  ,7, 

The  distance  from  the  bottom  to  the  top  up  the  slope  is  csMecU/ie 
length  of  the  plane ;  the  ^  ' 

face  on  which  it  rests,  the 
base ;  the  vertical  face,  the 
height. 

The  work  done  in  draw- 
ing a  weight  from  the  bot- 
tom to  the  top  of  the  plane 
along  its  length  will  be 
equal  to  the  product  of  the 
resistance  or  weight  into 
the  height  of  the  plane, 
since  when  it  is  at  the  top 

it   has   only   been    lifted  t.  ^  1. 

through  a  vertical  height  equal  to  that  of  the  plane.  But  the  power 
has  then  moved  through  a  distance  equal  to  the  length  of  the  plane. 

distance  moved_throiighj3y^power_ 
Now  mechanical  advantage  =  distance  morcdlhr^h  by  resistance 

length  of  plane 
~  heighToTplane 

If,  therefore,  the  length  of  the  plane  is  2  feet,  and  the  height  is  i  foot, 
the  mechanical  advantage  is  2  feet,  i.e.  a  weight  of  20  lbs.  could  be  drawn 
up  the  plane  by  a  power  equal  to  the  weight  of  10  lbs. 

A  road  up  a  hill  is  the  commonest  example  of  an  inclined  plane,  and 
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the  gradient  or  slope  of  the  road  is  often  expressed  thus  •  i  in  co  i  r  in 
every  50  feet  of  length  the  road  rises  i  foot  in  height,  or,  in  other'  wo;ds! 

if  the  plane  were  50  feet 
long,  its  height  is  i  foot, 
and  therefore  the  mechani- 
cal advantage  is  i^,  i.e.  50, 
whatever  the  actual  length 
of  the  road  might  be. 

Instead  of  applying 
the  force  in  a  direction  pa- 
rallel  to  the  length  of  the 
plane,  it  may  be  applied 
in  a  direction  parallel  to 
the  base  by  pushing  the 


Fig.  240. 


.  ,  *i      ,      r       ,  ,  .  ^^^^  by  pushing  the 

resistance  up  the  plane  from  behind  (see  fig.  240),  or  else  by  pushine  the 
plane  under  the  resistance  (see  fig.  241).  ^ 


K 


Fig.  241. 


In  this  case  we  get  the  following  relation  : — 

n/r   T,    •   1    1      X  b^se  of  plane 

Mechanical  advantage  =  , — .-tt — r— r 
^       height  of  plr 


ane 


An  inclined  plane  applied  in  the  manner  shown  in  fig.  241  is  called  a 
wedge,  though  the  latter  usually  consists  of  two  inclined  planes  placed  base 
to  base  (see  fig.  242).  A  little  consideration  will  enable  the  student  to 
see' that 


Mechanical  advantage  of  wedge  = 


_  length  measured  along  middle  base 
thickness  at  blunt  end 


since  the  resistance  is  moved  through  the  thickness  of  the  wedge  and  the 
power  through  its  length. 

All  instruments  used  for  cutting 
or  piercing  purposes  are  wedges  ; 
e.g.  knives,  chisels,  nails,  axes, 
pins,  needles,  swords,  etc. 

Owing  to  the  unevenness  of  the 
surfaces  in  everyday  life,  the  above 
statements  are  not  strictly  true, 
since  they  apply  to  perfectly  smooth 
surfaces,  i.e.  to  surfaces  between 
wliich  there  is  no  friction  whatever, 
and  which  therefore  do  not  exist  in 
practice. 

341.  The  Screw.— The  screw  is 
in  reality  a  modification  of  the  in- 
clined plane,  and  consists  of  a  cen- 
upon  it.    This  ridge  is  called  tho 


Fig.  242. 

tral  cylinder  with  a  spiral  ridge  raised 
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'  thread,'  a  d  and  the  distance  between  one  thread  and  the  next,  measured 
parallel  to  the  axis,  A  A  is  known  as  the  '  pitch '  of  the 
screw. 

To  use  the  screw  wc  often  liave  a  hollow  cylinder  with 
a  spiral  groove  cut  on  the  inside  of  it,  so  that  the  screw 
exactly  fits  into  it.  This  hollow  cylinder  is  known  as  the  md. 

When  the  screw  has  been  turned  round  once,  the  nut, 
and  therefore  the  resistance,  has  been  moved  through  a 
distance  equal  to  the  pitch  of  the  screw.  The  mechanical 
advantage  of  a  screw  is  therefore  got  by  dividing  the  cir- 
cumference of  screw  by  the  distance  between  two  successive 
threads. 

In  practice,  however,  the  power  is  usually  applied  at 
the  end  of  an  arm  or  handle  fixed  to  the  screw  or  nut,  and 
so,  in  one  revolution  of  the  screw,  the  power  is  moved 
through  a  distance  equal  to  that  of  the  circumference  of  the 
circle  in  which  the  handle  moves.  This  obviously  increases 
the  mechanical  advantage,  for  now  it  equals 

Circumference  of  circle  through  which  end  of  handle  moves 
Pitch  of  screw 

By  making  the  pitch  of  the  screw  very  fine,  and  using  a  long  arm  to 
apply  the  power,  an  enormous  mechanical  advantage  is  obtained,  though 
in  use  a  great  deal  of  this  advantage  is  lost  on  account  of  friction. 

Suppose  the  pitch  of  the  screw  is  |-inch,  and  that  the  power  is  applied 
at  the  end  of  an  arm  21  inches  long,  we  get  for  our  mechanical  advantage — 

Circumference  of  circle  of  radius  21  inches 

Pitch  of  screw 


Fig. 


243- 


3I  X  2  X  21  _ 


22       2  21 

1 


=  924 


that  is,  a  force  of  I  lb.  applied  at  the  end  of  the  arm  would  produce  a 
pressure  of  924  lbs. 

There  are  many  useful  applications  of  the  screw,  e.g.  the  screw-press 
and  the  instrument  used  for  coining  where  the  impression  of  a  die  is  to  be 
made  upon  the  metal.  In  the  common  screw,  the  threads  are  thin  and 
sharp,  and  make  grooves  for  themselves  as  they  penetrate  the  wood. 

342.  Centre  of  Gravity. — As  already  explained  (par.  13),  the  weight 
of  a  stone  or  any  other  body  is  the  force  with  which  the  earth  tends  to  draw 
the  body  downwards. 

If  we  consider  the  body  to  be  made  up  of  an  immense  number  of  small 
particles,  we  see  that  the  attraction  of  the  earth  on  each  particle  acts  in 
a  straight  line  perpendicular  to  the  horizontal  plane.  These  forces  apt 
towards  the  earth's  centre  and  may  therefore  for  all  practical  purposes  be 
considered  parallel. 

The  resultant  of  all  these  forces  is  equal  to  their  sum,  and  acts  at  some 
definite  point  of  the  body.  In  other  words,  the  whole  weight  of  the  body 
may  be  considered  as  collected  at  this  point ;  and  every  mass,  whatever  be 
its  shape,  has  such  a  point,  to  which  the  name  of  centre  of  gravity  or  centre 
of  mass  is  given. 

The  centre  of  gravity  of  a  body  may  therefore  be  defined  as  the  point  at 
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which  its  weight  acts,  and  about  which,  if  supported,  the  body  will  rest  in 
any  position. 

The  centre  of  gravity  of  symmetrical  bodies  of  uniform  density  is  at 
their  geometric  centre ;  thus  the  C  G  of  a  uniform  straight  rod  is  at  its 
middle  point ;  that  of  a  sphere  at  its  centre  ;  that  of  a  square  or  rectangle 
at  the  intersection  of  its  diagonals  ;  that  of  a  circular  plate  of  uniform 
thickness  at  its  centre  ;  and  so  on. 

The  centre  of  gravity  of  any  body  may  be  found  experimentally  in  the 
following  way  :— Suspend  it  from  any  point  by  means  of  a  string  and  let  it 
come  to  rest.  Then  the  centre  of  gravity  lies  in  the  plumb-line  drawn 
through  the  point  of  suspension,  because  the  body  is  then  acted  upon  by 
two  equal  and  ojiposite  forces,  viz.  gravity  and  the  tensicn  of  the  string, 
acting  in  the  same  straight  line  (par.  333,  II.). 


Fig.  244. — Showing  how  to  find  the  Centre  of  Gravity  experimentally. 

Now  suspend  it  from  any  other  point,  E,  and  again  draw  a  vertical  line 
through  the  point  of  suspension.  As  the  centre  of  gravity  is  in  both  of 
these  vertical  lines,  it  must  be  at  their  point  of  intersection.  We  thus  see 
that  the  weight  of  a  body  may  be  regarded  as  a  force  acting  vertically 
downwards  through  the  centre  of  gravity. 

For  a  body  to  be  at  rest  or  in  equilibrium,  this  force  must  be  counter- 
balanced by  an  equal  and  opposite  one.  Now  a  body  resting  on  a  plane 
surface  may  be  looked  upon  as  under  the  action  of  two  equal  and  opposite 
D  E  D       B    forces,  viz.  its  own  weight  acting  ver- 

tically downwards  and  the  upward 
pressure  of  the  surface  it  is  resting 
upon,  the  latter  being  regarded  as  one 
force  acting  at  a  definite  point.  As 
long  as  the  vertical  from  the  centre 
of  gravity  falls  zvithin  the  base  of 
support,  the  two  equal  and  opposite 
forces  can  neutralize  each  other ;  but 
if  the  vertical  from  the  centre  of 
gravity  falls  vnlhout  the  base,  there 
can  be  no  equal  and  opposite  force  to 


Fig.  245. 


Fig.  246. 


counteract  its  weight,  and  the  body  falls  over  until  it  finds  a  position  where 
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the  two  opposite  forces  balance  each  other  (Figs,  245,  246;.  Hence, 
a  body  placed  on  a  horizontal  plane  will  stand  or  fall  according  as  the 
vertical  throui^h  its  centre  0/ gravity  falls  ivitliin  or  witliont  thebase.  Thus 
the  centre  of  gravity  of  any  leaning  structure,  such  as  the  tower  of  iisa, 
must  fall  within  the  base,  or  it  would  fall.  ... 

Again,  a  body  whose  centre  of  gravity  is  low  is  not  so  easily  displaced 
from  its  position  of  rest  as  one  whose  centre  of  gravity  is  high.  Thus  a 
cone  resting  on  its  base  returns  to  its  former  position  if  disturbed  but  little ; 
whilst  a  cone  balanced  on  its  apex  fills  with  the  slightest  disturbance. 


Fig.  247. 


In  the  first  case,  where  the  centre  of  gravity  is  in  the  lowest  position 
possible,  the  body  is  said  to  be  in  stable  eqtiilibrium  ;  in  the  second  case, 
where  the  centre  of  gravity  is  in  the  highest  position  possible,  the  body  is 
said  to  be  in  unstable  eqtiilibrinm.  A  body  like  a  sphere,  or  a  cone  resting 
upon  its  side,  which  remains  at  rest  equally  in  any  pooition,  is  said  to  be  in 
neutral  equilibrium. 

In  the  case  of  two  bodies  we  could  ascertain  their  centre  of  gravity,  if 
we  connected  them  with  a  rigid  straight  bar,  and  then  found  the  point  in 
the  bar  where  they  would  balance.  With  two  equal  globes  this  point  would 
be  midway  between  the  two.  If  one  were  heavier  than  another  the  centre 
of  gravity  would  be  nearer  the  heavier  in  the  ratio  of  its  greater  weight, 
and  were  one  much  heavier  than  the  other  the  centre  of  gravity  would  be 
within  the  larger.  This  is  the  case  of  the  sun  and  the  earth,  the  sun's 
mass  being  so  much  greater  that  the  common  centre  of  gravity  of  the  sun 
and  earth  is  very  near  the  sun's  centre. 

The  centre  of  gravity  of  a  body  need  not  of  necessity  be  in  the  substance 
of  the  body ;  thus,  in  the  case  of  a  ring  or  hoop  the  centre  of  gravity  is  in 
the  centre  of  the  space  within  the  ring  or  hoop. 

(The  student  must  not  confuse  centre  of  gravity  and  specific  gravity 
(see  par.  22).  The  specific  gravity  of  a  solid  heavier  than  water  is  found 
by  first  weighing  the  body  in  air,  and  then  in  water.  The  loss  of  weight 
represents  the  weight  of  an  equal  bulk  of  water.  Dividing  the  weight  in 
air  by  the  loss  of  weight  in  water  therefore  gives  the  specific  gravity.  In 
the  case  of  liquids,  the  comparative  we  ghts  can  be  obtained  by  finding  the 
weight  of  a  bottle  full  of  water  and  the  weight  of  the  bottle  full  of  the 
liquid  given,  subtracting  the  weight  of  the  em;<ty  bottle  in  each  case.) 


t^ote  to  par.  ic,g. — Recent  investigations  of  Professor  Rayleigh  and 
Professor  Ramsay  have  shown  that  what  has  been  called  atmospheric 
nitrogen  is  not  wholly  nitrogen,  but  that  it  contains  besides  nitrogen  a 
small  quantity  of  a  gaseous  substance  new  to  science.  This  is  called  argo7t. 
Argon  is  an  invisible  gas  somewhat  lighter  than  nitrogen.    It  appears  tcr 


324 


Elementary  PJiysiography 


be  an  element,  and  has  but  little  chemical  affniily.  Hence  the  composition 
of  dry  air  per  loo  volumes  may  be  put  thus — 

Nitrogen  ...       ...       ...       ...  78*00 

Oxygen  ...       ...       ...       ...  20'96 

Argon    i"oo  * 

Carbonic  acid   -04 

lOO'OO 

K'ote  to  par.  218. — Dr.  Wells's  theory  of  the  formation  of  dew  explained 
in  par.  218  is  quite  correct  ;  but  it  has  been  proved  that  the  vapour,  which 
is  condensed,  rises  mainly  from  the  ground  instead  of  falling  from  the  air 
above.  Mr.  J.  Aitken  carried  out  a  number  of  experiments  showing  that 
the  greater  part  of  true  dew  is  formed  from  the  vapour  that  rises  from  the 
heated  ground  and  has  been  trapped  by  grass  and  other  cold  objects.  One 
experiment  which  establishes  this  consists  in  removing  at  sunset  a  portion 
of  the  turf  from  the  ground  and  weighing  it  in  a  metal  pan.  The  turf  is 
then  left  in  the  pan  and  replaced  so  as  to  be  in  good  heat-communication 
Avith  the  ground.  After  the  lapse  of  some  time  the  turf  is  again  weighed, 
when  its  weight  is  found  to  be  sensibly  diminished.  By  covering  the  turf 
thus  removed  and  replaced  with  a  thin  sheet  of  metal,  the  loss  of  weight 
is  largely  prevented.  Similar  experiments  proved  that  from  bare  soil  and 
dry  earth  moisture  always  rises  during  the  night.  Moreover,  the  drops 
seen  on  grass  and  leaves  are  not  dew  at  all,  but  moisture  exuded  from  the 
living  plant.  These  drops  are  only  found  at  the  extremities  of  leaf-veins, 
i.e.  at  the  points  where  the  veins  of  the  leaves  cut  the  outer  edges.  The 
true  dew  is  distributed  all  over  the  blade  as  a  moist  film.  The  atmospheric 
conditions  necessary  to  the  copious  formation  of  dew  are  set  forth  in  the 
latter  part  of  par.  218. 

Lord  Kelvin  holds  that  the  protective  action  exerted  at  night  on  vege- 
tation by  the  aqueous  vapour  of  the  atmosphere  is  due,  not  so  much  to  its 
power  of  absorbing  the  heat  radiated  from  the  earth's  surface,  as  Tyndall 
teaches,  as  to  its  great  heat-capacily.  Blades  of  grass  and  the  finer  parts 
.  of  plants  would  radiate  away  their  heat  below  zero  point,  were  it  not  that 
on  still  nights  they  are  protected  by  the  latent  heat  of  the  vapour  deposited 
on  them  as  dew.  Their  temperatures  can  never  fall  below  the  dew-point 
of  the  air  touching  them.  On  windy  nights  plants  obtain  heat  to  com- 
pensate for  radiation  from  the  air  moving  about  among  them ;  and  on 
cloudy  nights  radiation  is  checked  by  the  temperature  of  the  clouds  being 
near  the  dew-point  of  the  lower  air.  '  Thus,  either  clouds,  by  their 
counter-radiation,  or  wind  by  mixing  a  comparatively  thick  stratum  of  air 
with  that  next  the  earth,  keep  the  grass  and  delicate  parts  of  other  plants 
from  sinking  to  the  dew-point.  When  there  is  not  enough  of  clouds  and 
wind  to  afford  this  degree  of  protection,  dew  begins  to  form,  and,  by 
preventing  the  temperature  of  any  leaf  or  flower  from  sinking  below  the 
dew-point,  saves  them  all  from  destruction,  unless,  as  when  hoar-frost 
appears,  the  dew-point  itself  is  below  the  freezing  point.' 

Note  to  par.  307. — It  has  already  been  stated  that  Kepler  discovered 
his  three  laws  by  careful  observation  of  the  heavens,  and  that  it  was  some 
years  later  before  Newton  explained  why  such  law  was  true. 

Kepler's  First  Law  states  '  The  earth  and  the  other  planets  revolve 
in  ellipses,  with  the  sun  in  one  focus     Newton  explained  this  law  by 
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showing  that  the  force  acting  on  each  planet  varies  inversely  as  the  square 
of  its  distance  from  the  sun.  r      1.    1  1. 

Kepler's  Second  Law  states  :  '  The  radius  vector  of  each  planet  moves 
over  equal  areas  in  equal  times.'  Newton  concluded  from  this  that  the 
force  causing  a  planet  to  describe  its  orbit  is  a  central  force  always  acting 
along  the  radius  vector  in  the  direction  of  the  centre  of  the  sun. 

Kepler's  Third  I  aw  states  :  '  The  squares  of  the  periodic  times  of  the 
planets  are  in  proportion  to  the  cubes  of  their  mean  distances  from  the 
sun.'  This  law  was  explained  by  Newton's  conclusion  that ^ the  lorce  ot 
the  sun's  gravitation  on  a  planet  varies  directly  as  the  planet  s  mass,  and 
inversely  as  the  square  of  its  distance  from  the  sun. 


QUESTIONS  IN  PHYSIOGRAPHY. 

Original  and  Selected 


Answers  should  be  ilhtstrated  by  diagrams  whetuver  possible.  Keep  the 
answers  correspo7iding  to  the  various  parts  oj  the  same  numbered  question 
distinct. 


QUESTIONS  ON  CHAPTER  I. 

1.  What  do  you  understand  by  the  term  ma'fer?  Enumerate  the 
general  properties  of  matter,  and  give  examples  of  the  great  divisibility  of 
matter. 

2.  What  are  the  general  and  what  are  the  specific  properties  of  [a)  a 
piece  of  sandstone  and  {b)  a  piece  of  ice? 

3.  If  you  take  a  ju^;  of  muddy  water  from  the  seashore,  how  could  you 
remove  the  mud  and  other  suspended  matter ;  and  how  could  you  obtain 
the  salt  that  is  in  solution  ? 

4.  Explain  the  term  inertia,  and  give  two  illustrations  of  this  property 
of  matter, 

5.  What  is  weight  ?  How  would  you  show  that  air  possesses 
weight  ? 


QUESTIONS  ON  CHAPTER  II. 

1.  Explain  the  terms  fo7-ce,  density,  and  mass. 

2.  State  and  explain  the  law  of  gravitation  as  formulated  by 
Newton. 

3.  Why  does  the  weight  of  a  body  increase  as  we  pass  from  the 
equator  to  the  poles?  What  instrument  would  you  need  to  show  this 
increase  ? 

4.  Why  does  a  stone  weight  fall  no  faster  than  a  one-pound  weight,  and 
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yet  the  attraction  of  gravitation  is  fourteen  times  greater  in  the  first  case 
^'^5  "my  doeTa'stone  fall  faster  in  the  air  than  a  feather?    How  could 

4xs^4tnsXS^«^ 

gravities  of  iron,  marble,  quartz  or  rock-c.ystal.  coal,  ice,  mercu.y,  ana 

^"T^^SLXotZ^  could  obtain  pure  water  from  sea-water. 

I  Splal^tSeTerm  cohesion,  and  show  how  this  force  differs  from  that 

"'■r  mt'lrT?heZe?rte^  the  various  substances  of  nature 

Hnw  miv  water  be  chan^    from  one  condition  to  another,  and 
XtLa^grorvll^mfdoL  the  liquid  undergo  when  it  passes  into  the 

'^"lo'what X'ou  understand  by  a  saturated  solution?     What  often 

wiat'L^Snlir  m^^^^      of  the  term  hardness  ?    Name  the 
hardSt  of  all  substances,  and  write  out  Mohr's  scale  of  hardness. 

QUESTIONS  ON  CHAPTER  III. 

1  What  is  work,  and  how  is  it  measured  ?   What  is  energy  ? 

2.  lUustrSeTe  meaning  of  the  terms  kinetic  and  potential  as  applied 

to  energy  ?^^^  is  indestructible conservation  of  energy.'  Explain 

Why  is  the  sun  considered  as  the  ultimate  source  of  terrestrial 
energy  ? 

QUESTIONS  ON  CHAPTER  IV. 
I.  For  what  purpose  is  a  thermometer  used?    Describe  the  mode  in 
which  a  thermometer  is  graduated.  .       r    .i.  i  :> 

2  Why  is  mercury  generally  used  in  the  construction  of  a  thermometer  ? 
•I.  Describe  the  black-bulb  thermometer  and  its  use. 

4.  '  Heat  causes  bodies  to  expand,  and  the  with(lra;yal  of  heat  causes 
bodies  to  contract.'    Carefully  explain  how  far  water  furnishes  an  exception 

to  this  statement.  .  .    .  , 

5.  What  is  meant  by  the  boiling-point  of  water  ?    Why  is  it  not  the 
same  at  the  sea-level  and  at  the  summit  of  a  mountain  ? 

6.  Explain  the  term  '  specific  heat,'  and  point  out  the  importance  of  the 
great  specific  heat  of  water.  .   cr   .  t, 

7.  How  does  heat  pass  from  the  sun  to  the  earth  ?    What  effect  has 
the  earth's  atmosphere  on  the  rays  of  heat  passing  through  it  ? 

QUESTIONS  ON  CHAPTER  V. 

I.  Explain  clearly  the  meaning  of  the  terms  element  and  compound. 
Why  zxefire,  earth,  air,  and  luater,  not  spoken  of  as  elements  now  ? 
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2.  How  can  you  prepare  pure  oxygen  gas  ?  What  binary  compound  is 
formed  when  charcoal  burns  in  oxygen?  Name  three  other  Tides  tha? 
can  be  formed  m  the  same  way.  uxiucs  mai 

3.  Carefully  write  out — 

^'^^  ^aMlys?s^  °^  proving  that  water  is  a  chemical  compound  ^  by 

(3)  A  method  of  showing  that  water-vapour  is  formed  when  drv 
hydrogen  burns.  ^ 
(.c)  The  composition  of  water  by  weight  and  by  volume. 

4.  What  is  the  chemical  composition  of  limestone  and  of  lime  ?  How 
can  the  latter  be  obtamed  from  the  former  ? 

5.  State  carefully — 

[a)  How  carbon  dioxide  (or  carbonic  acid)  can  be  readily  prepared 
and  collected.  ^  r  r 

{b)  What  happens  when  this  gas  is  passed  for  a  short  time  into 
water  contaming  lime  in  solution. 

{c)  What  happens  when  a  large  quantity  of  the  gas  is  passed  into 
lime-water.  *^ 

6.  When  is  ^  substance  said  to  undergo  a  physical  change,  and  when  a 
chemical  change  ?  What  kind  of  change  is  (a)  turning  water  into  steam  ? 
\b)  the  rusting  of  iron  ? 


QUESTIONS  ON  CHAPTER  VI. 
each  ^^''"^        ^^™^  ""^^  'mineral,'  giving  three  examples  of 

2.  Give  an  account  of  the  appearance  and  composition  of  the  rock 
grajute, 

3.  What  are  the  two  commonest  rock-forming  minerals  ?  Of  what 
chemical  elements  do  these  minerals  consist  ? 

4.  What  different  forms  of  the  mineral  calcite  do  you  know  ? 

5.  _  What  three  chemical  elements  exist  in  combination  in  the  earth's 
crust  in  greatest  amount  ?    Which  of  these  three  is  a  metallic  element  ? 

6.  _  Of  what  does  coal  chiefly  consist  ?  How  does  it  differ  from  peat  in 
chemical  composition  ? 

7.  Point  out  the  chief  difference  between  stratified  and  unstratified 
rocks.   By  what  other  names  is  each  of  these  classes  known  ? 

8.  What  are  the  characteristics  of  metamorphic  rocks?  Name  some 
members  of  this  class. 

T^Ti.^'  some  rocks  that  have  a  distinctly  ciystalline  structure. 

What  IS  the  meaning  of  the  term  crystal  ? 

10.  Carefully  state — 

(iz)  The  chemical  composition  of  coral, 

{b)  The  parts  of  the  world  where  coral  rocks  abound. 

[c)  Why  coral  is  spoken  of  as  an  organic  rock. 

1 1.  _  What  are  stalactites  and  stalagmites  ?  Where  are  they  likely  to  be 
met  with  ?    Explain  distinctly  how  a  stalactite  is  formed. 

12.  Describe  carefully  a  piece  of  pumice-stone.  How  does  it  differ 
from  a  piece  of  basalt  ? 

13.  To  what  class  of  rocks  do  slate  and  gneiss  belong  ?  What  minerals 
exist  in  gneiss,  and  how  are  they  arranged  ? 
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ttroTj/Tn?  ch^^        or  (.) 

grains  of  sand,  (^)  sinter,  [c)  kaolin,  [d)  shale,  [e]  obsidian. 


QUESTIONS   ON   CHAPTER  VII. 

I.  How  does  the  temperature  of  the  e-th's  ci-ust  vary  as  pass  into 
it  ?    What  is  meant  by  '  the  stratum  of  invariable  temperature  < 

2  Give  aiT  account  of  the  chief  events  that  occur  during  a  volcamc 

""^/carefully  enumerate  and  describe  the  chief  products  of  a  volcanic 

''"4.' Tdl  what  you  know  about  a  lava  stream.    What  are  acid  lavas  and 

^""'l  ^Enumerate  the  different  varieties  of  volcanic  cones,  and  illustrate  by 
means  of  a  diagram  the  structure  of  a  composite  cone. 

6  Point  oft  the  mistakes  in  the  following:  '  A  volcano  is  a  burning 
mountain  that  ejects  smoke  and  ashes.'  ,      •  i  7 

7!  Write  a  short  description  of  each  of  the  following  :  a  volcamc  bomb, 
scorice,  lapilli,  &  lateral  crater,  3.  fuviarole.  ,    ,  r  .-u   -d  -c^ 

8  Trfce  out  the  line  of  volcanoes  that  borders  both  sides  of  the  Pacific 

^^^9  "in  what  parts  of  the  world  are  earthquakes  most  frequent  ?  How  is 
the  point  of  origin  of  an  earthquake  shock  ascertained  ? 

10  What  proofs  have  we  that  variations  of  land-level  occur  in  different 
parts  of  the  world  ?    Carefully  describe  a  raised  beach 

II.  On  what  shores  is  the  land  now  smking?  What  proofs  of  land 
subsidence  may  be  pointed  to? 


QUESTIONS  ON   CHAPTER  VIII. 

1.  State  as  accurately  as  you  can — 

(a)  The  two  chief  solids  in  solution  in  sea-water,  and  the  per- 

centage amount  of  these  solids. 

[b)  The  way  in  which  you  could  obtain  these  solids  from  a  quantity 

of  sea- water. 

(c)  The  sea  that  contains  the  largest  percentage  of  solid  matter  m 

solution, 

[d)  The  average  density  or  specific  gravity  of  sea-water. 

2.  Give  an  account  of  the  mode  in  which  a  deep-sea  sounding  is  made, 
and  how  a  specimen  of  the  ocean  floor  is  brought  up. 

3.  Describe,  with  the  aid  of  a  sketch  map,  the  floor  of  the  Atlantic 
Ocean. 

4.  What  do  you  know  about  the  temperature  of  the  ocean,  [a)  at  the 
surface,  (b)  at  great  depths? 

5.  Explain  how  the  sea  acts  in  destroying  the  coast  in  various 
districts. 

6.  Enumerate  the  different  varieties  of  deposits  that  are  found  on  the 
ocean  floor,  and  say  at  what  depth  each  kind  is  met  with. 
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7.  What  becomes  of — 

(a)  The  calcium  carbonate  dissolved  in  sea- water  ? 

(b)  The  slight  quantities  of  silica  dissolved  in  sea-water  ? 

(c)  The  angular  boulders  broken  off  a  cliff  by  the  action  of  the 

waves  ? 

{d)  The  calcareous  shells  of  Foraminifera  that  fall  into  the  deepest 
parts  of  the  ocean  ? 

8.  Compare  the  microscopic  appearance  of  chalk  and  Globigerina  ooze. 

9.  "What  is  the  average  percentage  of  solid  matter  dissolved  in  sea- water? 
Why  are  some  inland  seas  Salter  than  the  open  ocean,  while  some  are  less  salt? 

10.  What  different  varieties  of  ooze  have  been  found  on  the  ocean  floor? 

11.  What  is  known  about  the  manganese  nodules  and  cosmic  spherules 
dredged  from  deep  parts  of  the  sea? 

QUESTIONS  ON  CHAPTER  IX. 

1.  What  are  an  ice-foot,  an  ice-field,  and  an  ice-floe? 

2.  How  do  Antarctic  icebergs  differ  from  Arctic  icebergs  ? 

3.  Tell  what  you  know  about  the  origin  of  icebergs  ?  What  ultimately 
becomes  of  them  and  of  the  material  they  transport  ? 

QUESTIONS  ON  CHAPTER  X. 

1.  What  are  the  two  chief  gases  that  enter  into  the  composition  of  the 
atmosphere,  and  in  what  proportion  by  volume  do  these  exist  ?  How 
could  you  prove  that  the  air  also  contains  a  small  quantity  of  carbon 
dioxide  ?  Why  do  we  say  that  the  gases  of  the  atmosphere  are  only 
mechanically  mixed  and  not  chemically  combined? 

2.  Explain  the  mode  in  which  the  quantity  of  water- vapour  in  the 
atmosphere  is  estimated. 

3.  Explain  the  construction  of  a  barometer.  What  does  the  barometer 
really  measure  ? 

^  4.  What  liquid  is  generally  used  for  a  barometer  tube,  and  why? 
What  is  the  advantage  of  using  glycerine  ? 

5.  How  can  a  barometer  be  used  to  measure  the  height  of  a  mountain, 
or  the  height  to  which  a  balloon  ascends  ?  What  would  be  the  effect  of 
taking  a  barometer  down  a  deep  mine  ? 

6.  Why  does  the  height  of  the  mercury  in  a  barometer  tube  vaiy  ? 
Why  does  a  high  barometer  usually  indicate  that  the  air  is  dry  ? 

7.  In  what  way  is  the  air  heated  by  the  sun's  rays?  Clearly  explain 
why  the  air  becomes  colder  as  we  ascend. 

8.  What  are  isobars  and  isot/m'ms  ?  What  data  are  required  in  order 
to  draw  these  lines  for  Europe  ? 

9.  Regarding  land  and  sea  breezes,  clearly  set  forth — 

(a)  Why  they  blow  in  certain  parts  of  the  world. 

(b)  At  what  time  of  the  day  each  breeze  blows. 

(<r)  Why  these  are  but  little  noticed  in  Great  Britain. 

10.  Trace  the  course  of  the  isotherm  of  60°  F.,  and  explain  why  it 
does  not  coincide  with  a  parallel  of  latitude. 

QUESTIONS  ON  CHAPTER  XI. 

1.  What  becomes  of  the  rain  that  falls  on  the  rocks  or  on  the  pave' 
ment  during  a  warm  summer  day  ? 

2.  Of  what  does  dew  consist  ?    From  what  sources  is  it  derived  ? 
What  atmospheric  conditions  are  favourable  to  its  deposition  ? 
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3.  Of  what  does  a  fog  consist  ?  What  part  do  dust-particles  play  in  its 
production?    Where  are  fogs  most  frequent  ? 

4.  Explain  the  construction  and  use  of  the  rain-gauge. 

1;.  Write  down —  ,  . ,     ,  -o  . 

(fl)  The  mean  annual  rainfall  of  the  west  side  of  Britain. 
\b)  The  mean  annual  rainfall  of  the  east  side  of  Britain. 
(c)  The  main  cause  of  the  difference  between  those  two. 
((/)  The  place  in  England  with  the  greatest  annual  rainfall,  and 
the  place  with  the  least.  .  ,  „  ,     .  r  • 

6.  In  what  parts  of  the  world  is  there  no  ranifall  ?  Account  for  this 
extreme  dryness  in  three  cases.  _  ■,    ,       ,  .1. 

7.  What  portions  of  the  globe  have  rainy  seasons,  and  when  do  these 

rainy  seasons  occur?  ^  .  .  ,  t  >     1         •  r  n  ,.1  .1 

8.  Why  has  the  eastern  side  of  the  British  Isles  less  rainfall  than  the 
western  side  ?  What  is  the  mean  annual  rainfall  of  the  town  where  you 
live,  and  how  is  it  found  ?  ,     r  .1.         u  • 

9.  Draw  some  forms  of  snow-crystals.  In  what  parts  of  the  world  is 
snow  never  seen  at  the  sea-level? 

10  Define  snoiv-line,  and  give  the  height  of  the  snow-hne  at  the  equator, 
in  Central  Europe,  and  in  Scotland.  What  circumstances  influence  the 
height  of  the  snow-line  besides  latitude  ?         ,  .    ^^.„   .  , 

11.  Account  for  {a)  the  great  rainfall  on  the  Khasia  Hills  in  Assam  ; 
{b)  the  arid  nature  of  the  desert  of  Gobi ;  (c)  the  inhospitable  climate  of 
Labrador  ;  {d)  the  genial  warmth  of  North  Italy. 

12.  Briefly  describe  the  formation  and  structure  of  {a)  a  barrier  reef; 
{b)  pack  ice ;  (f)  a  terminal  moraine. 


QUESTIONS  ON  CHAPTER  XII. 

1.  Explain  the  terms  de7tt(dation,  erosion,  and  dibns,  and  name  the  chief 

agents  of  denudation.  ,       r         ^        u  j  .i 

2.  Give  some  account  of  the  action  of  the  atmosphere,  and  the  rain 

upon  1^°^^^.^  action  of  rivers  on  the  surface  of  a  country.    What  is 

a  tivCT-tO'TdCC  ? 

4  What  rivers  form  deltas?  Of  what  does  a  delta  consist?  How  does 
it  happen  that  the  bed  of  a  river  in  a  delta  may  be  higher  than  the  general 

level  of  the  land  around  ?  .1,     r       j ^/r  ^• 

5.  What  are  surface  springs,  and  how  are  they  formed?  Mention 
other  varieties  of  springs,  and  describe  one  of  them. 

6.  What  causes  a  glacier  to  move  ?  How  has  the  motion  been  proved  ? 
Compare  the  rate  of  motion  in  Alpine  and  Arctic  glaciers  ? 

7.  In  what  way  does  a  glacier  act  as  an  agent  in  transporting  rocks  ? 
Why  are  the  waters  that  issue  from  a  glacier  usually  very  turbid  ? 

8.  By  what  indications  do  we  infer  the  presence  of  glaciers  in  districts 
where  they  are  no  longer  found  ? 

9.  Briefly  describe  each  of  the  following:  pot-hole,  gorge,  canon, 
alluvium,  sand-bank,  glacier  table,  moulin,  roche  moutonnee,  dyke. 

10.  What  are  contour  lines  1  And  what  can  be  learnt  from  their 
inspection  ? 

11.  Account  for  the  following  statements  : — 

(fl)  All  the  rivers  run  into  the  sea,  yet  the  sea  is  not  full. 
(Z-)  The  sea  owes  much  of  its  salt  to  fresh-water  streams. 
{c)  There  would  be  no  snow  if  it  were  not  for  the  heat  of  the  sun. 
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QUESTIONS  ON  CHAPTER  XIII. 

I.  What  is  meant  by  weather?  Describe  some  form  of  weather  chart 
and  explam  how  it  is  drawn  up.  wcamer  cnart, 

2  Give  examples  to  show  how  height  above  the  sea-level  affects  the 
chmate  of  certam  towns.  ^necis  tne 

3-  What  are  insular  and  continental  climates  ?  Illustrate  the  meanin^r 
of  the  terms  by  examples.  meanmg 

4.  Compare  the  summer  and  winter  climates  of  Central  Russia  T  onrl^n 
and  Manitoba  (all  about  the  same  latitude),  and  account  for  tS  differen^^^^^^ 

QUESTIONS  ON  CHAPTER  XIV. 

1.  Into  what  three  great  groups  are  the  stratified  rocks  divided  and 
what  are  the  formations  that  belong  to  each  group  ?  "'viaea,  and 

2.  Explain  the  meaning  of  the  ttvm  fossil,  and  mention  the  names  of 
befong  """^  i-ecognize  with  the  geological  formation  to  which  they 

on  theS?"^'  ^^"^'^^         of  progress  in  plant  and  animal  life 

4.  Name  some  animal  forms  that  have  become  extinct 

5.  On  what  grounds  do  we  conclude  that  the  climate  of  Britain  has 
vaned  greatly  during  geological  epochs  ? 


QUESTIONS  ON  CHAPTER  XV. 

1.  What  is  the  peculiar  property  of  a  magnet?  Why  do  we  regard 
the  earth  as  a  great  magnet  ?    Where  are  the  magnetic  poles  of  the  earth  ? 

2.  Explain  what  is  meant  by  the  declination  and  dip  of  a  magnetic 
needle.    How  does  the  declination  vary  from  year  to  year  ? 

3.  What  is  meant  by  electrical  induction  ? 

4.  Describe  the  different  forms  of  lightning,  noting  especially  the  form 
ol  forked  lightning  as  shown  by  photography. 

5.  How  is  it  that  the  lightning  flash  usually  precedes  the  peal  of 
thunder  ?    Where  are  thunderstorms  most  frequent  ? 

6.  Tell  about  the  aurora  borealis  what  you  know  concerning  {a)  its 
appearance ;  {b)  the  districts  where  it  is  seen  ;  (c)  its  connection  with  the 
magnetism  of  the  earth. 


QUESTIONS  ON  CHAPTERS  XVI.  AND  XVII. 
'biOT^.— Illustrate  your  answers  by  diagrams  when  possible. 

1.  Explain  a  system  of  measuring  angles. 

2.  Illustrate  the  use  of  angular  measurement  in  astronomy. 

3.  Explain  the  means  of  measuring  time  by  a  clock. 

4.  What  is  a  sun-dial  ?    What  kind  of  time  does  it  indicate  ' 

5.  Why  do  we  say  that  the  earth  is  a  globe  ? 

6.  How  do  you  account  for  the  slight  bulging  at  the  equator  ?  By  how 
much  does  the  equatorial  radius  exceed  the  polar  radius  ? 

■J.  Explain  the  terms  latitude  and  longitude.  What  places  on  the 
earth  s  surface  have  their  noon  at  the  same  time  ? 
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8.  When  it  is  noon  at  London,  what  is  the  tin.e  (i)  at  New  York, 
long.  If  55'  W.,  (2)  at  Cons'-^jno^^^  L.^_  Constantinople. 

lo.  Howwillyoufind  the  pole  sar^l^^^^^^^  ^^^^^  ^.^^^^^^ 

sphere?    What  are  «ram/f/«^  stars wncrc  wii  i 

sh„;\y"  m^S°a\S"o"L  of  the  earth  in  the  opposite  d.recfon 

""irthat't  £~  in  favour  of  the  annua,  revolution  of  the 
earth  ^    When  is  the  earth's  velocity  in  its  orbit  greatest 

14.  What  is  the  shape  and  size  of  the  earth's  orbit?    Explain  the  terms 

^"?5.'1Jowt?ff  ;iknes  of  the  earth's  orbit,  of  the  ecliptic  and  of  the 
equator  related  to  each  other ?  :„ 

i6   Explain  the  daily  appearances  of  the  heavens  to  an  observer  (i)  m 
a  hi£Th  northern  latitude,  (2)  in  mean  latitude,  (3)  at,the  equator.  _ 

i";.  What  are  the  causes  which  regulate  the  amount  of  heat  received 
from  the  sun  at  any  one  place  on  a  certain  day  ? 

18.  Give  an  account  of  the  different  kinds  oiday  spoken  of  m  astro, 
nomy.    Why  does  the  true  solar  day  vary  in  length  ? 

19  How  does  the  shadow  of  a  vertical  stick  indicate  the  midday  alti- 
tude of  the  sun  ?  When  is  this  shadow  shortest,  and  with  what  line  does  it 
then  coincide  ? 

20.  What  are  the  causes  of  the  seasons  ?  What  effect  would  be  pro- 
duced'on  the  seasons  were  the  earth's  axis  to  be  perpendicular  to  the  plane 
of  its  orbit  or  to  lie  in  it  ?  (See  p.  245.) 

21.  '  Within  the  Arctic  circle  at  the  summer  solstice  we  can  see  the 
midnight  sun  due  north,  but  at  the  winter  solstice  we  do  not  see  the  sun 
even  at  noon.'    Explain  this,  illustrating  by  means  of  diagrams. 

22.  When  are  the  days  and  nights  equal  in  all  parts  of  the  world,  and 
why  are  they  not  always  equal  in  all  parts?  Where  are  they  always  equal? 

23.  Give  the  length  of  the  longest  day  at  the/o/e,  in  latitude  75°,  50°, 
30°,  and  at  the  equator. 

24.  Draw  a  diagram  to  show  the  apparent  altitude  of  the  sun  as  seen 
from  London  at  midsummer  and  midwinter.  (Figs.  149  and  150  may  be 
used,  a  point  between  the  Arctic  circle  and  the  Tropic  of  Cancer  being 
taken  for  London.  A  line  from  the  centre  of  the  earth  through  the  posi- 
tion of  the  observer  will  give  the  direction  of  the  zenith.) 

25.  Explain  fully  why  it  is  hotter  in  summer  than  in  winter. 

26.  What  yearly  changes  are  there  in  the  appearances  of  the  stars,  and 
how  are  they  accounted  for  ? 

27.  How  often  is  the  sun  vertically  overhead  for  a  place  within  the 
tropics,  and  on  what  dates  for  a  place  on  the  equator  ? 

28.  What  decides  the  length  of  the  year  exactly,  and  what  decides  how 
many  whole  days  there  are  in  it  ? 

29.  What  are  sidereal,  tropical  and  civil  years  ? 

30.  Give  a  short  summary  of  the  general  effects  of  the  earth's  rotation 
and  revolution. 

31.  What  is  the  experiment  of  a  falling  body  which  is  adduced  in 
favour  of  the  earth's  rotation  ? 
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pendulum  experiment.  '  •  !  Toucaull's 

nighfin  ^rSpSLef  '"""^^  '''y 

37.  What  difference  would  be  seen  in  ("il  tVi*>  rio;i„  r  .1. 

eclipfic?""''  """'"^       '"'^"S""^^  ^'^^  ^^^'^^^d  ™°tion  of  the  sun  in  the 

part^'ean/does!       """^"^  ^'^'^  °'  ^  ^^^'^^^^P^'        -Pl-"  what  each 

40.  Describe  a  form  of  reflecting  telescope.    Give  a  diagram  of  it. 
_    41-  What  would  be  the  -ffect  on  the  seasnnc;  ln\  if  fi,»  .u. 
inc  ined  at  an  anele  of        trT       "^^.^^^^ons  a  if  the  earth's  axis  were 

perpendicular  to  "he  eclipfi^c?  '  ''^^  ^^--^^'^  --^e 

42.  Describe  the  tran.sit  circle  and  its  uses 

=«-eJ?-,h!pS„:l;?V:,r;?"' ="^"""0"  °f "si"-  h<,„ d„es i, 

47.  Explain  the  construction  and  use  of  a  vernier. 
40.  JJescnbe  some  form  of  micrometer 

sideSdcIoTk^"  '  '"^'^"""^  detect  the  error  of  a 

ihJ^'  ?f.P'^^?  ^^^^  declination  and  r^o-/,/  ^,r^„j,i,«.    What  causes 

;es;ir„7'rs"v"i  ivr' - 

52.  How  may  the  shape  of  the  earth's  orbit  be  determined  ? 

f^«"      ,^  ^X^'''^^'''^  the  variation  in  the  declination  and  amplitude 
of  the  sun  {a)  at  the  equator,  [U)  in  latitude  45°  N.  v 

54-  Where  and  when  can  the  sun  be  seen  at  midnight  ?    In  what  part 
of  the  sky  is  it  then  visible  ?  &  ai  ^.a. 

55.  What  is  meant  by  {a)  the  aberration  orbit  of  a  star  ?  W)  the  annual 
parallax  of  a  star  ?    What  do  these  phenomena  prove? 

56.  Why  do  the  seasons  differ  in  length  ? 

57-  What  is  '  Greenwich  mean  time,'  and  how  is  it  found  ? 
//N        Te^l.bnefly  how  you  would  find  {a)  the  position  of  the  pole  star  ; 
{h)    he  position  of  the  celestial  equator;  (r)  the  time  of  the  earth's 
rotation. 

59.  Briefly  explain  (a)  why  the  sun  never  reaches  the  zenith  in  any 
part  of  the  British  Isles  ;  {b)  why  it  is  warmest  in  the  British  Isles  when 
the  earth  is  farthest  from  the  sun  ;  {c)  why  the  hottest  part  of  the  year  in 
ine  Uriiibh  Isles  is  usually  about  the  end  of  July, 
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60.  Write  clown,  {a)  how  many  limes  the  earth  rotates  in  a  year  ;  W 
the  al.itude  and  zenith  distance  of  the  pole  star  at  London  ;  (0  ihe  decli- 
nation and  right  ascension  of  the  sun  on  September  23 

61.  What  are  the  three  kinds  of  year,  and  why  do  they  differ  in  length  ? 

62.  Draw  a  diagram  for  latitude  45°  N.,  and  show  Ae  diurnal  paths  of 
stars  with  declination  0°,  30°  N.,  80°  N.,  20°  S.,  75 

6^.  Briefly  describe  a  transit  telescope  and  its  uses.  _ 

64.  What  time  is  kept  by  a  sidereal  clock,  and  how  is  this  clock  regu- 

^""^^ll  Define  equation  of  time.  At  what  parts  of  the  year  is  there  the 
greatest  difference  between  true  solar  time  and  mean  solar  time  and  why  ? 

66.  According  to  the  almanacs  the  lengths  of  forenoon  and  alternoon 
often  differ  :  how  do  you  explain  this  ?  ,  i  n 

67.  How  can  a  celestial  globe  be  used  to  illustrate  the  diurnal  paths  of 
the  stars,  and  of  the  sun  at  various  latitudes  ?       ,      ..  . 

68.  Briefly  exp'ain  («)  why  the  amplitude  of  the  rismg  and  setting  sun 
varies ;  {b)  why  a  star's  amplitude  is  the  same  day  after  day ;  {c)  why  a 
star  rises  a  little  earlier  on  successive  nights.  ^  •,•  . 

69  How  do  you  account  for  («)  the  changes  in  the  apparent  diameter 
of  the  sun  during  the  year;  {b)  the  different  heating  effects  of  the  suns 
rays  at  tV e  summer  and  winter  solstices  ?  , .      r  , 

70.  Explain  the  terms  :— ecliptic,  plane  of  the  ecliptic,  obhquity  ot  the 
ecliptic,  first  point  of  Aries,  celestial  latitude,  celestial  longitude. 

71.  'when  are  the  days  shortest,  and  why  ?  _ 

72.  How  has  the  shape  of  the  earth  been  deternimed  ?  What  is  the 
length  of  a  degree  of  latitude  near  the  equator  and  near  the  poles? 

73  Explain  what  is  meant  by  the  equation  of  time?  Point  out  its 
two  components,  and  tell  the  objects  that  the  equation  serves. 

74.  How  do  you  account  for  the  frequent  inequality  of  length  between 
forenoon  and  afternoon  as  put  down  in  the  almanacs  ?  ,  , 

7;  How  can  a  celestial  globe  be  used:  {a)  To  show  the  dmrnal 
paths  of  the  stars  at  various  latitudes  ?  {b)  To  explain  the  varying  altitude 
of  the  sun  ?  (c)  To  show  why  the  sun  in  Britain  rises  north  of  east  at  one 
part  of  the  year  and  south  of  east  at  another  part  ? 

76.  How  do  you  know  that  light  is  propagated  in  a  rectilinear  direction, 

irHof  y  hght  reflected  from  a  plane  surface?  Write  out  the  law, 
and  draw  a  figure.    How  may  it  be  reflected  from  a  curved  surface  ? 

78  What  is  meant  by  the  refraction  of  light?  and  state  some  ol  its 
effects.    How  is  the  image  formed  in  a  refracting  telescope? 

79.  Give  an  account  of  the  action  of  a  flint  glass  prism  on  a  beam  ot 
white  light.    How  do  light  rays  differ  from  radiant  heat  ? 

80  In  what  different  ways  can  the  prismatic  colours  be  recombined  ? 

81  Give  proofs  of  the  composite  nature  of  white  light,  and  state  how  ■ 
you  could  render  the  spectrum  of  sunlight  visible.    Name  the  prismatic 
colours  of  the  spectrum.  , 

82.  What  is  the  mean  (^stance  of  the  sun  from  the  earth?  When  is 
the  distance  greatest,  and  when  least?    Compare  the  dimensions  of  the 

sun  and  the  earth.  .  „   ,  .  1  •  i 

83.  Write  out  Kepler's  Laws,  and  state  briefly  how  Newton  explained 

^^^^^4.  Write  down  the  distance,  size,  density,  and  physical  condition  of 
the  moon.    How  is  its  distance  found? 

85.  Give  an  account  of  the  various  phases  passed  through  by  the  moon 
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cliasrt, <•<>  1™"  ^^ipscs  occur?   Ill„.,ra,c  by  a 

87.  Under  wliat  conditions  may  a  total  eclinsp  nf  (Vin  cr.  ^„      ■>  n,, 

of  thL^f^/'Z^lr^Ji^^^i^raSri'"  "^^^        ''''  ''  ^"  anUlar 'Jcli^se 

89.  Briefly  explain  {a)  why  eclipses  do  not  occur  every  month  (i)  whv 
the.e  cannot  be  an  annular  eclipse  of  the  moon,  (.)  why  sol^  ecliDses  ar^ 
so  seldom  seen  at  any  given  place.  .  ^  eclipses  aie 

90.  What  do  you  understand  "by  the  terms:  the  moon's  nodes  con 
junction  opposition,  quadrature,  last  quarter,  partial  eXpse?  ' 

hea?:;iy''Sd;'^       ^'^''^      ^^"^^^^-^  -^-^^  onWUtion  of  a 

92.  Explain  the  construction  of  a  horizontal  sundial  Wh,, 
constructed  for  Paris  of  no  use  in  any  part  of  ^{11?  ^  ' 

QUESTIONS  ON  THE  APPENDIX. 
how'is?t  me"aS?^^"""  ''''  ^^^S^^^'  — ^um.  and 

by  a"  etmpL' dr^nt^scale*^  parallelogram  of  forces,  and  illustrate  it 

3.  How  can  force  be  represented,  and  how  can  a  single  force  be 
resolved  mto  component  forces  ? 

4.  Explain  the  principle  of  the  lever,  and  state  how  you  can  calculate 
Its  mechanical  advantage  in  any  case.  ^ciii-uiaie 

.nf  ^^i..^^'^^'?  a  fixed  pulley  and  a  single  movable  pulley,  and  then  point 
out  the  mechanical  advantage  (if  any)  in  each  case 

6.  Explain  the  principle  of  the  inclined  plane.  "  An  inclined  plane  rises 
tliree  feet  six  inches  for  every  seven  feet  of  length.  If  W  =  100  lbs  find 
P  when  It  acts  parallel  to  the  length  of  the  plane. 

7.  Show  how  rectilinear  motion  can  be  converted  into  circular  motion. 
T  I  .  ^^'hii'led  by  a  string,  and  the  string  suddenly  breaks. 
In  what  direction  will  the  Stone  fly  off,  and  why? 

9.  Explain  clearly  what  you  understand  by  the  terms  ve^oci/y,  centri- 
petal jorce,  and  centrifugal force. 

10.  Define  '-centre  of  gravity '  and  'specific  gravity.'    Explain  how  to 
find  each  in  the  case  of  a  piece  of  marble  slab. 

11.  Where  is  the  centre  of  gravity  of  a  globe,  of  two  equal  spheres  ten 
yards  apart,  of  the  earth  and  the  moon  ?  When  will  a  leaning  tower  fall 
over  ? 

12   What  new  gaseous  constituent  of  the  atmosphere  has  been  recently 
lound  ?    Give  the  percentage  of  gases  forming  dry  air. 

13.  When  a  candle  burns  in  the  air,  is  the  matter  of  the  candle 
destroyed?  (See  pars.  72  and  74.)  What  constituent  of  the  air  is  used 
in  combustion  ? 

14.  State  Kepler's  Laws  and  Newton's  deduction  from  each. 


SCIENCE 


AND 


ART  DEPARTMENT. 


SYLLABUS. 
SUBJECT  XXIII.— PHYSIOGRAPHY. 

First  Stage,  or  Elementary  Course. 

^^^^g;.. —Forms  of  matter.  Indestructibility  of  matter.  Mass,  volume, 
density,  specific  gravity,  and  weight.    Centre  of  gravity. 

Force  Motion,  and  hierHa.—Th&  parallelogram  of  forces.  Composi- 
tion and'  resolution  of  forces.  Conversion  of  rectilinear  into  circular 
motion.    (See  Appendix.)     ^.  ,        ^,       „  .  a 

The  Mechanical  Pozuers.—Vnncvples  of  the  lever,  the  pu.ley,  the  mchned 

plane,  and  the  screw.    (See  Appendix.)       ,   ,      .    ,  . 

Efter^y.—lle^t,  radiation,  electricity,  and  chemical  action  as  forms  ot 
energy.    Mechanical  work. 

Heat  and  Te»iperahire.—T)iscnm'm3.tion  between  heat  and  temperature. 
Effects  of  heat.  The  measurement  of  .temperature  by  thermometers. 
Change  of  state  caused  by  heat,  as  in  ice,  water,  and  steam. 

Padiatio7t.— Rectilineal-  propagation  of  radiation.  Reflection  and 
refraction  of  radiation.  The  analysis  of  light  by  a  prism,  and  its  recdm- 
position.    The  colour  disc.    The  visible  spectrum.    (See  Chapter  XVII.) 

Chemical  Composition  of  Matter. — Mixtures  and  compounas.  "Water, 
its  composition  proved  by  analysis  and  synthesis,  its  physical  propertiei. 
Elementary  properties  of  oxygen,  nitrogen,  hydrogen,  carbon,  iron,  and 
mercury ;  and  of  water,  carbon-dioxide,  lime,  silica,  and  the  alkalies, 
common  salt,  iron  oxide,  and  mercuric  oxide. 

The  Earth,  the  Sun,  and  the  Moon. — Form,  density,  and  dimensions 
of  the  earth.  Rotation  of  the  earth  on  its  axis.  Latitude  and  longitude. 
Density  and  dimensions  of  the  sun.  Distance  of  the  earth  from  the  sun. 
Inclination  of  the  earth's  axis.  The  general  features  6i  the  earth's  orbit. 
Kepler's  laws,  and  Newton's  explanation  of  them.  Cause  of  variation  in 
length  of  day  and  night.  The  four  seasons.  Distance  and  dimensions  of 
the  moon  ;  lunar  and  solar  eclipses. 

Measurement  of  Space,  Mass,  and  Time. — Units  of  space  and  mass  are 
empyrical.  Measurement  of  angles.  Subdivision  of  the  day  into  hours, 
minuses,  and  seconds.   The  sun-dial.   Greenwich  and  local  times. 

Z 
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The  Atmosphere. — Weight  of  the  air,  pressure  on  the  earth's  surface, 
height  of  the  atmosphere.  Boyle's  law.  The  principle  of  the  mercurial 
barometer.  Pressure  of  the  atmosphere  at  different  altitudes.  Composi- 
tion of  the  atmosphere  and  the  diffusion  of  gases  ;  animal  and  vegetable 
life  in  relation  to  the  atmosphere.  Isobars.  The  manner  in  which  the 
atmosphere  is  wanned  and  its  temperature  at  different  elevations.  Iso- 
therms. Fog,  mist,  clouds,  rain,  snow,  hail,  dew,  and  hoar-frost.  Winds 
and  their  causes.  Circulation  of  the  atmosphere.  Land  and  sea  breezes  ; 
monsoons  and  hurricanes  ;  trade-winds  and  their  causes.  Rainfall ;  method 
of  measurement. 

The  Sea  and  Circula'ion  of  Water  on  the  Land. — Composition  of  sea 
water.  Its  specific  gravity  and  freezing  point.  Proportion  of  land  to  water. 
Division  into  oceans  and  seas.  Sea  level.  Depths  of  oceans.  Circulation 
of  water.  Currents  in  the  oceans.  Effect  of  temperature  on  seas.  Springs 
and  rivers. 

Rivers  and  Glaciers.  — Tidal  rivers  and  deltas.  Glaciers  and  formation 
of  moraines.  Icebergs. 

The  EartKs  Solid  Cricst  and  the  Changes  which  take  Place  in  it. — 
General  classification  of  rocks  into  aqueous,  igneous,  and  metamorphic. 
Their  characteristics  and  common  examples  of  each.  Their  chemical  com- 
ponents and  modes  of  occurrence.  Earthquakes,  volcanic  phenomena, 
action  of  the  atmosphere  and  water.  Constructive  and  destructive  action 
of  organisms  such  as  result  in  the  formation  of  limestone,  coral-reefs,  and 
coal.  Specific  gravity  and  hardness  of  rocks.  Density  of  the  earth  as 
a  whole. 

Terrestrial  Magnetism. — Properties  of  the  lodestone  and  artificial 
magnets.  The  earth  a  magnet.  Primary  laws  of  magnetic  attraction  and 
repulsion.    Dip,    The  earth's  magnetic  poles. 


Much  of  the  apparatus  nsed  in  teaching  Physics,  Chemistry,  and  Geology 
will  be  available  for  Physiographic  teaching.  The  following  pieces  of 
apparatus  are  recommended  for  teachers  of  Physiography: — Maximum, 
minimum,  and  black-bulb  thermometers.  Barometer.  Barometer  tube 
with  mercury,  a  cup  atid  a  wooden  clip-stand  for  setting  up  a  barometer 
before  the  class.  Rain  gauge,  simple.  Ordnance  survey  map  of  district, 
showing  contour  lines.  Terrestrial  globe,  not  less  than  12  in.  diameter. 
Geological  map  of  the  British  Isles.  Apparatus  for  simple  experiments  in 
magnetism,  electricity,  and  chemistry.  The  articles  required  are,  in  addi- 
tion to  a  mouth  blow-pipe,  those  marked  (a)  and  (3)  under  the  heads  of 
Subjects  IX.  and  XIV.  Collection  of  12  common  rock-forming  minerals. 
Collection  of  20  common  rocks.  Collection  of  12  microscopic  slides  illustrating 
Physiography.  Collection  of  12  slides,  typical  rocks.  A  cheap  niicroscope. 
Diagrams  illustrating  terrestrial  phenomena  and  astronomical  objects. 

N.B.— A  cheap  telescope  and  a  spectroscope  also  are  very  desirable. 
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1889.  May. 

First  Stage,  or  Elementary  Examination. 

Instructions. 

Vou  are  permitted  to  ATTEMPT  only  FIVE  questions. 
'I  he  value  attached  to  each  question  is  the  same. 

1.  Name  five,  very  common,  rock-forming  minerals,  and  state  what 
chemical  elements  are  present  in  each  of  them.     ,      ,  .     ,  „ 

2.  What  differences  occur  in  the  apparent  paths  of  the  stars  across  the 
sky,  as  we  proceed  from  the  equator  to  the  pole?  What  is  the  cause  of 
this  diffcrcncG  ^ 

3.  Explain'  the  chief  reasons  why  mercury  is  the  liquid  usually  em- 
ployed in  the  construction  of — 

(a)  Barometers. 
\b)  Thermometers. 

4.  Explnin  by  diagrams  why  the  sun  appears  high  in  the  sky  at  noon  in 
.  summer  and  low  at  noon  in  winter.  x      ,   .  -a 

K  How  can  the  weight  of  air  be  determmed?  In  what  way  is  the 
pressure  exercised  by  the 'atmosphere  on  the  earth's  surface,  m  consequence 
of  its  weight,  stated?  How  is  it  that  we  are  able  to  move  about  under  the 
weight  of  the  atmosphere  ? 

6.  What  is  sidereal  and  what  is  mean  time  ? 

7.  State  the  grounds  on  which  it  is  inferred  that  volcanic  eruptions 
take  place  through  fissures  in  the  earth's  crust. 

8.  Describe  shortly  the  construction  of  an  achromatic  astrcxnomical 
telescope. 

1890.  May. 
First  Stage,  ot  Elementary  Examination. 

Instructions. 

You  are  permitted  to  attempt  only  five  questions. 
The  value  attached  to  each  question  is  the  same. 

1.  (a)  Name  the  two  elements  which  are  present  in  the  greatest 
abundance  in  the  earth's  crust,  (b)  State  what  you  know  about  the 
nature  of  these  elements,  {c)  In  what  condition  do  these  elements  exist 
in  the  earth's  crust? 

2.  In  the  case  of  a  shot  fired  at  a  target,  state  (a)  why  the  velocity  of 
the  shot  changes;  and  [b)  why  the  target  is  made  hot  where  the  shot 
strikes  \\» 

3.  (a)  What  becomes  of  the  water  of  puddles  when  they  "dry  up"? 
(b)  What  conditions  of  the  air  are  most  favourable  to  the  process? 
(f)  State  the  reasons  why  these  conditions  are  favourable. 

4.  Give  experiments  showing  how  any  two  binary  compounds  can  be 
formed, 

5.  What  is  meant  by  the  statement  that  the  mean  annual  rainfall  of  a 
place  is  27  inches?  State  what  you  know  concerning  the  mean  annual 
rainfall  of  different  parts  of  the  British  Islands. 
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6.  How  has  it  been  shown  that  the  plane  of  the  earth's  equator  is 
inchned  to  the  plane  of  the  ecliptic?  What  is  the  amount  of  that 
inclination  ? 

7.  How  has  it  been  found  out  that  the  deeper  parts  of  the  earth's 
crust  are  hotter  than  those  near  the  surface? 

8.  What  is  the  "  equation  of  time,"  and  what  use  is  made  of  it  ? 


1890.    Training  College  Examination. 

Pirst  Stage,  or  Elementary  Examination. 

Instructions. 

You  are  permitted  tv  attempt  only  six  questions. 
The  value  attached  to  each  question  is  the  same. 

1.  Account  for  the  different  heights  of  the  sun  at  noon  throughout  the 
year. 

2.  Give  proofs  of  the  rotation  and  revolution  of  the  earth. 

3.  What  is  mean  solar  time,  and  how  is  it  determined? 

4.  What  are  momentum  and  kinetic  energy?  Show  how  they  are 
measured. 

5.  Explain  the  changes  which  a  cubic  inch  of  ice  would  undergo  when 
its  temperature  was  gradually  raised  from  —5°  C.  to  105°  C. 

6.  What  minerals  are  present  in  granite?  In  what  respect  does  a 
granitic  rock  differ  from  a  lava  ?  What  kind  of  lava  has  the  same  chemical 
composition  as  granite  ? 

7.  What  do  you  know  concerning  the  transportation  of  rock-materials 
by  floating  ice  ? 

8.  How  is  the  rainfall  of  a  place  determined  for  each  month  of  the 
year  ? 

N.B. — In  the  future  examinations  in  the  elementary  and  advanced 
stages,  questions  will  b:  given  in  tiuo  groups ;  one  of  them  containing 
questions  which  relate  priticipally  to  physical  geography,  attd  the  other  will 
contain  questions  in  the  other  pa7-t  of  the  syllabus.  Students  will  be 
required  to  answer  questions  in  both  groups. 


1 89 1.  May. 
Pirst  Stage,  or  Elementary  Examination. 
Instructions. 

Vou  are  permitted  to  attempt  only  five  questions,  three  of  which  must 
be  taken  from  one  Series,  and  two  from  the  other. 
The  value  attached  to  each  question  is  the  same. 

Series  I. 

I.  What  chemical  element  is  present  both  in  air  and  water?  State  the 
chief  properties  of  this  elementary  substance.  What  proportion  of  this 
element  is  contained  in  air  and  water  respectively?  In  what  condition 
does  the  element  exist  in  air  and  water  respectively  ? 
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2.  State  the  principle  on  which  the  action  of  a  mercurial  barometer 
depends.  Why  is  a  water  barometer  longer  than  a  mercurial  barometer  ? 
What  occupies  the  space  above  the  mercurial  column  in  the  latter  instru- 
ment ?  If  a  hole  were  to  be  bored  through  the  glass  abo\e  the  column  of 
mercury,  what  would  happen  ? 

3.  What  is  the  source  of  the  water  that  falls  as  rain  ?  What  becomes 
of  it  when  it  reaches  the  ground  ?  How  do  we  indicate  the  quantity  of 
rain  which  falls  upon  a  given  place  during  a  year  ? 

4.  What  is  meant  by  a  raised  beach"?  What  do  we  learn  from  its 
existence  ?    Name  any  place  where  raised  beaches  are  found. 

Series  II. 

5.  How  are  the  light  and  heat  produced — 

[a)  When  a  match  is  struck  ? 
\b)  When  a  candle  burns  ? 
\c)  In  a  flash  of  lightning  ? 

6.  How  would  you  set  out  a  north-and-south  line — 

(rt)  By  a  mariner's  compass  ? 
\b)  By  the  sun  ? 
(<r)  By  a  star  ? 

7.  What  difference  is  observed  in  the  place  of  the  rising  and  setting  of 
the  sun  (i)  at  different  times  of  the  year  at  any  place  in  the  British  Isles  ; 
(2)  at  the  summer  solstice  in  different  parts  of  the  northern  hemisphere? 

8.  State  one  experimental  proof  of  the  earth's  rotation, 

189 1.    Training  College  Examination. 

First  Stage,  or  Elementary  Examination. 
Instructions. 

You  are  permitted  to  attemp  t  only  five  questions,  three  of  xvhitk  must 
be  taken  from  one  Series,  and  tivo  from  the  other. 
The  value  attached  to  each  question  is  the  same. 

Series  I. 

1.  Describe  the  uses  of  the  transit  circle. 

2.  State  some  of  the  results  of  the  precession  of  the  equinoxes. 

3.  piven  a  circle  reading  to  20  minutes  of  arc,  how  do  you  construct 
a  vernier  reading  to  10  seconds  of  arc? 

4.  Describe  one  of  the  methods  employed  for  determining  the  mean 
density  of  the  earth. 

Series  II. 

5.  State  as  shortly  as  possible  what  you  know  on  the  following 
points : — 

[a)  The  two  most  imjDortant  substances  found  in  the  atmosphere 

in  addition  to  oxygen  and  nitrogen. 
(1^)  The  chemical  composition  of  those  two  substances. 

(c)  The  processes  by  which  each  of  these  substances  is  introduced 

into  the  atmosphere. 

[d)  The  processes  by  which  each  of  these  substances  is  removed 

from  the  atmosphere. 
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6.  Explain — 

{a)  The  differences  between  a  snowflalce  and  a  hailstone. 
(l>)  The  causes  to  which  these  differences  are  due. 

7.  Describe  (n)  the  characters,  {b)  the  mode  of  formation,  of  scoriae, 
pumice,  and  volcanic  dust.  •  ' 

8.  State  what  is  meant  by  the  following  phrases : —  \ 

(a)  The  highest  summer  temperature  of  a  place. 
(l>)  The  lowest  winter  temperature  of  a  place. 
(c)  The  mean  annual  temperature  of  a  place. 
And  explain — 

{d)  How  each  of  the  above  can  be  determined. 

1892.  May. 
First  Stage,  or  Elementary  Examination. 

Instructions. 

Yoti  are  pertnit/ed  to  attempt  07ily  five  questions,  three  of  which  must 
be  taken  from  one  Series,  and  tivo  from  the  other. 
The  va  hie  attached  to  each  question  is  the  same. 

Series  I. 

1.  {a)  What  is  an  oxide? 

\b)  Name  two  oxides  which  are  always  present  in  the  atmosphere, 

and  give  their  composition. 
{c)  What  is  the  most  abundant  oxide  in  the  crust  of  the  globe  ? 
(.:/)  State  what  you  know  concerning  the  composition  and  mode  of 

occurrence  of  this  oxide. 

2.  {a)  Why  is  the  tube  of  a  thermometer  made  with  a  narrow  bore, 

while  the  bulb  is  large  ? 
{b)  Why  is  the  top  of  a  thermometer  tube  sealed  up  ? 

(c)  Why  is  mercury  the  best  liquid  to  use  in  a  thermometer  under 

ordinary  circumstances  ? 
{d)  Under  what  circumstances  is  alcohol  used  instead  of  mercury  ? 

3.  State  the  origin  of  the  following  appearances  about  an  active 

volcano  : — 

(d)  The  clouds  which  collect  above  it. 
{b)  The  glow  seen  above  it  at  night. 

[c)  The  flashes  of  lightning  playing  about  the  cloud. 
{d)  The  sounds  which  are  heard. 

4.  If  you  ascended  to  the  height  of  3^  miles  in  a  balloon,  carrying  a 

barometer  and  a  thermometer,  state — 
{a)  The  indication  which  would  be  given  by  the  barometer. 
(b)  Your  explanation  of  this, 
(f)  The  indication  given  by  the  thermometer. 
{d)  Your  explanation  of  this. 

Series  II. 

5.  Define  force,  energy,  momentum,  stress. 

6.  What  are  the  facts  which  prove  that  the  earth  revolves  round  the 
sun,  and  not  the  sun  round  the  earth  ? 

7.  How  has  the  shape  of  the  earth's  orbit  been  determined  ? 

8.  What  is  sidereal  and  what  is  mean  time? 
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1S93.  May. 
First  Stage,  or  Elementary  Examination. 
Instructions. 

You  are  permitted  to  attempt  only  five  questions,  three  of  which  must 
be  taken  jrom  one  Scries,  and  ttuo  from  the  other. 
The  value  attached  to  each  question  is  the  same. 

Series  L 

1.  State  the  composition  of  water — 

[a)  By  weight. 
\b)  By  vokime. 

And  describe  how  the  composition  of  water  may  be  demonstrated— 
(c)  By  separating  its  elements. 
{d)  By  uniting  its  elements. 

2.  (a)  Why  does  the  mercury  stand  higher  in  the  tube  than  m  the  cup 

of  a  barometer  ? 

(b)  What  is  the  average  height  of  the  mercury  in  a  barometer  tube 

at  the  sea-level  ? 
(<f)  Why  does  the  height  vary  from  time  to  time  ? 
(d)  Why  is  the  barometer  regarded  as  a  "  weather-glass  "  ? 

3.  Point  out  the  errors  in  the  following  statements : — 

(a)  "  Earthquakes  have  raised  to  heaven  the  ocean -bed." 

\b)  "  Volcanoes  are  burning  mountains  that  vomit  fire  and  smoke. 
{c)  "Coral  insects  are  industrious  creatures  that  cleverly  build  up 

islands."  „ 
{d)  "  Coal  is  a  mass  of  leaves  pressed  together  in  the  earth. 

4.  State  what  you  know  of  the  nature  and  direction  of— 

{a)  Trade  winds. 

(b)  Monsoons. 

(c)  Anti-cyclones. 
{d)  Sea  breezes. 

Series  II. 

5.  Define  the  terms  "energy"  and  "cohesion,"  and  give  examples  of 
the  action  of  chemical,  magnetical,  and  gravitational  attraction. 

6.  How  is  angular  space  measured  ?    Describe  the  construction  and 
applications  of  a  vernier. 

7.  Why  are  the  days  longer  in  summer  than  in  winter  ?    Explain  the 
difference  noted  in  those  seasons — 

(a)  In  the  sun's  declination. 

(b)  In  the  place  of  sunrise  and  sunset. 

8.  Give  an  account  of  the  apparent  movements  of  the  stars  depending 
upon — 

{a)  The  earth's  rotation  on  its  axis. 

\b)  The  earth's  revolution  round  the  sun. 
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1894.  May, 

First  stage,  or  Elementary  Examination. 

Instructions.  * 

Yon  are  permitred  to  attempt  only  five  questions,  three  of  which  must 
be  taken  from  one  Series,  and  tzuo  from  the  other. 
The  value  attached  to  each  question  is  the  same. 


Series  I. 

1.  [a)  Name  the  chemical  elements  which  are  present  in  carbonate  of 

hme  (calcic  carbonate). 
{b)  State  the  nature  of  each  of  these  elements. 

(f)  How  can  carbonate  of  lime  be  broken  up  into  two  oxides?  What 
are  these  oxides  called  ? 

(_d)  Name  three  common  rocks  which  are  composed  of  carbonate 
of  lime. 

2.  (a)  How  can  it  be  proved  that  the  air  has  weight  ? 

(b)  In  what  proportions  and  in  what  condition  are  oxyeen  and 

nitrogen  present  in  air  ? 
{c)  Describe  experiments  by  which  oxygen  can  be  taken  out  of  air 

and  collected  in  a  separate  vessel. 
(d)  Describe  an  experiment  by  which  nitrogen  may  be  separated 

from  the  oxygen  in  the  air. 

3.  Describe — 

{a)  Cloud. 
{b)  Rain. 
(<•)  Hail. 
[d)  Snow. 

And  state  the  mode  of  formation  of  each. 

4.  State  the  composition  of  the  materials  ejected  from— 

{a)  Fumaroles. 

{b)  Geysers. 

{c)  Mud-volcanoes. 

{d)  Ordinary  volcanoes. 


Series  II. 

5.  How  is  the  position  of  a  heavenly  body  defined — 

(fl)  In  relation  to  the  plane  of  the  equator  ? 
{b)  In  relation  to  the  plane  of  the  ecliptic  ? 

6.  State  what  you  know  of  the  equation  of  time — 

{d)  In  relation  to  its  amount  at  different  times  of  the  year. 

{b)  In  relation  to  its  use  in  determining  the  moment  of  mean  noon. 

7.  State  the  apparent  daily  movements  at  London  of  stars'  situated 
near  north  declination  90°  51°  39°,  on  the  equator,  and  near  south 
declination  20°  and  38°. 

8.  How  has  the  shape  of  the  earth's  orbit  been  determined  ? 
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1895.  May. 
First  Stage,  or  Elementary  Examination. 
Instructions. 

You  are  permitted  to  attempt  only  six  qtustions,  three  of  which  must 
be  taken  from  each  Scries. 

The  value  attached  to  each  question  is  the  same. 


Series  I. 

1.  [n)  What  is  the  most  abundant  oxide  in  the  earth's  crust,  and  of 

what  elements  is  it  composed  ?  •      •  1 

(b)  State  what  you  know  about  the  properties  of  this  oxide. 

(c)  Name  the  crystalline  form  of  this  oxide. 

\d)  Name  three  rocks  in  which  this  oxide  is  found  m  its  crystalline 

form.  .  .  wi 

2.  [a)  State  the  average  height  of  the  mercury  m  a  barometer  at  tne 

sea  level,  and  at  the  top  of  a  mountain      miles  high. 

[b)  What  is  the  cause  of  the  difference  in  height  of  the  mercury 

column? 

{c)  What  do  you  know  concerning  the  height  to  which  the  atmo- 
sphere extends  ? 

(rf)  What  do  you  know  concerning  the  condition  of  the  upper  layers 
of  the  atmosphere  ? 

3.  (a)  Draw  and  describe  a  rain-gauge. 

{b)  Why  is  the  water  of  a  rain-gauge  transferred  to  another  vessel 
for  measuring  ?  i     •  r  n 

[c)  What  is  meant  by  the  statement  that  "  the  mean  annual  rainfall 

in  the  Thames  Valley  is  27  inches  "  ? 
(rf)  How  has  this  been  determined  ? 

4.  State  the  causes  of — 

[a)  The  violent  explosions  that  occur  during  a  volcanic  eruption. 
\b)  The  darkness  that  often  exists  during  the  day  when  an  eruption 

is  taking  place. 
(c)  The  bright  glow  that  is  seen  above  a  volcano  at  night. 
{d)  The  lightnings  that  accompany  volcanic  outbursts. 


'Series  II. 

5.  What  changes  of  volume  take  place  when  water  freezes  ?  State  some 
effects  produced. 

6.  Describe  the  Mariner's  Compass  and  its  chief  uses. 

7.  State  a  proof  that  the  earth  moves  round  the  sun. 

8.  Why  are  the  days  longer  in  summer  than  in  winter  ?  Give  a  dia- 
gram explaining  the  sun's  altitude  at  noon  at  London  on  the  longest  and 
shortest  day. 


INDEX. 


The  numbers  refer  to  paragraphs,  and  ml  to  pages. 


ABE 

Aberration  of  light,  306 
Abysmal  deposits,  187 
Acidic  rocks,  142 
Action  of  sea  on  rocks,  186 
Active  volcano,  157 
Adhesion,  28 

Air,    temperature    of,    2H  ; 

thermometer,  50 
Alabaster,  98 
Alcohol  thermometer,  50 
Allu\'ium,  235 
Altazimuth,  320 
Altitude,  293 
Ammonites,  265 
Amplitude,  293 
Analysis  of  water,  76 
Angles,  measurement  of,  291 
Angular  measurement,  use  of, 

291,  292,  293 
Antarctic  icebergs,  106 ;  ocean, 

195  ;  temperatures,  197 
Anticlinal  curves,  152 
Aphelion,  307 
Aqueous  rocks,  110, 
Arctic  ocean,  189 
Aries,  first  point  of,  293,  321 
Artesian  wells,  240 
-Atmosphere,  198  ;   action  of, 

230  ;  composition  of,  199  ; 

density  and  pressure  of,  at 

different     heights,     205 ; 

height  of,  201 ;  pressure  of, 

202 
Atom,  27 

Aurora  13orealis,  289 
Auroras,  289 
Axis  of  the  earth,  297 
Azimuth,  293 


Car,  236 

Barometer,  202 ;  advantages 
of  mercury  for,  204 ;  aneroid, 
203  ;  construction  of,  203  ; 
corrections  of,  210 ;  glyce- 


CIR 

rine,  204  ;  height  of,  207  ; 

water,  204 
Barometric    gradient,    256  ; 

pressure,  variations  of,  206  ; 

variations,  relations  of,  to 

the  state  of  the  weather,  209 
Darytes,  99 
Basalt,  139 
Basic  rocks,  142 
Basin,  catchment,  232 
Belemnites,  265 
Black  bulb  thermometer,  53 
Boulder,  251 
Boyle's  law,  36 
Brash,  194 
Breccia,  116 

Breezes,  land,  215  ;  sea,  215 
Brine  springs,  241 


Calcareous  springs,  241 
Calcite,  95 

Calcium  carbonate,  88,  95 
Caloric,  45 
Caiion,  233 

Carbon,  77 ;  dioxide,  78 
Cardinal  points,  277 
Catchment  basin,  232 
Caverns,  limestone,  132 
Celestial  globe,  329 
Celestial  latitude  and  longi- 
tude, 293 
Celestial  sphere,  296 
Centigrade  thermometer,  49 
Chalk,  105 

Chalybeate  springs,  241 
Chemical  action,  modes  of, 
82  ;  affinity,  26  ;  combina- 
tion, laws  of,'  81 ;  formulse, 
70 ;  symbols,  70 
Chemically  formed  rocks,  115, 
131 

Circle,  graduated,  292 
Circle,  great  and  small,  291 
Circumpolar  stars,  302 


DAY 

Cirrus,  223 

Classification  of  elements,  71 
Clay,  118 
Cleavage,  148 

Climate,  257-262  ;  changes  of, 
267  ;  continental,  260 ; 
oceanic,  260  ;  insular,  260 

Clouds,  220  • 

Coal,  104,  130;  composition 

of,  130 
Cohesion,  24,  25 
Col,  234  _ 
Combustion,  74 
Compass,  variation  of,  277, 

290 

Compound,  69  ;  binary,  69  ; 

ternary,  69 
Compounds,  79 
Condensation,  62,  217 
Conduction,  65,  67 
Conglomerate,  116 
Conservation  of  energy,  42 
Contour  lines,  255 
Contraction  of  gases,  59 
Convection,  65,  68 
Coral,  107 

Coral  reefs,  125  ;  formation  of, 

126 
Crater,  164 
Crevasses,  247,  253 
Crinoidal  limestone,  106 
Crust,  84  ;  earth's,  section  of, 

264  ;  action  of  sea  on,  186 ; 

elements  in,  102  ;  minerals 

in,  102 
Crystalline  rocks,  114 
Crystallisation,  30,  31 
Culmination,  293 
Cumulo-cirro-stratus,  220 
Cumulus,  220 


Darwin,  127 

Day,  longest,  at  different  lati- 
tudes, 306 
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DAY 


Day  and  night,  length  of,  306  ; 

variations  in  length  of,  315 
Days,  different  kinds  of,  301, 

309 

Dead  Sea,  133 
Ddbris,  229 
Decay,  74,  78 
Declination,  293,  321 
Degree,  290 

Delta,  formation,  236  ;  lacus- 
trine, 236 

Deltas,  examples  of,  236 

Density,  14;  of  earth,  154 

Denudation,  153,  229;  general 
results  of,  254 

Detritus,  229 

Dew,  218 

Dew-point,  218 

Diamond,  loi 

Diatom  ooze,  187 

Diatoms,  177 

Dip,  276  ;  springs,  238 

Disintegration,  186,  229 

Distillation,  22,  217 

Divisibility,  8 

Dolomite,  97 

Dormant  volcano,  157 

Dredging,  179 

Drift  ice,  190 

Ductility,  34 

Dykes,  136,  138,  254 

Earth,  a  great  magnet,  274  ; 
a  sphere,  294  ;  axis  of,  295  ; 
interior  not  fluid,  156  ;  in- 
ternal temperature  of,  155; 
primitive  condition  of,  263  ; 
rotation  of,  296  ;  revolution 
of,  304;  —  proofs  of,  302, 
303  ;  size  and  shape  of,  296 ; 
sun  views  of,  316 

Earthquakes,  168;  causes  of, 
170;  distribution  of,  169; 
effects  of,  171 

Earth's  crust,  section  of,  264  ; 
magnetic  elements,  276  ;  or- 
bit, 300 

Ebullition,  61 

Eccentricity  of  orbit,  307 

Ecliptic,  293,  310;  plane  of, 
300 

Elasticity,  35  ;  of  gases,  36 
Electrical  excitation,  279  ;  in- 
duction, 282 ;  machines,  283 
Electricity,  278 ;  atmospheric, 
284 ;  conductors  and  non- 
conductors of,  281  ;  current 

or  voltaic,  287  ;  effects 

of,  288  ;  kinds  of,  280 
Electrolysis,  2B8 
Electro-magnet,  288 
Elements,  69  ;  number  of,  71 

in  earth's  crust,  102 
Elevation,  172,  173 
Encrinital  limestone,  106 
Energy,  39  ;  examples  of,  41 
Equation  of  time,  309,  328 


ICE 

Equator,  297;  plane  of,  310 

Equinoxes,  312,  310,  determi- 
nation of,  313 

Erosion,  229  ;  of  rocks  by  gla- 
ciers, 249 

Ether,  45 

Evaporation,  11,  61,  216 
Expansion,  54;  .,f  gases,  59; 

of  liquids,  56  ;  of  solids,  55 
Extension,  6 
Extinct  forms  of  life,  206 
Extinct  volcano,  157 


Fahrenheit's  thermometer, 
49. 

Felsite,  141 
Felspar,  88,  93 
Felstone,  141 
Ferruginous  springs,  241 
Filtration,  g,  10 
Firn,  246 
Fissures,  247 
Flint,  92 
Floebergs,  194 
Floes,  I  go,  194 
Fogs,  219 
Foraminifera,  105 
Force,  14 
Fossils,  265 


Gases,  29 
Geysers,  245 
Glacial  period,  266,  267 
Glacieres,  252 

Glacier-mills,  249  ;  table,  248  ; 

waters,  250 
Glaciers,  246,  253 ;  ancient, 

251  ;   erosion  of  rocks  by, 

249  ;  motion  of,  247  ;  size  oi, 

247 

Globigerina  ooze,  187,  188 
Gneiss,  149 
Gorges,  233 

Gradient,     255  ;  barometric, 
256 

Graduated  circle,  290 
Granite,  88,  140 
Gravitation,  12,  14,  15,  16,  17, 

18,  20,  21 
Gulf  stream,  183 
Gypsum,  98,  134 
Gyroscope,  302 


Hachures,  255 
Hail,  227 

Hardness,  37  ;  scale  of,  38 

Heat,  44,  45  ;  distribution  on 
the  earth  of,  316 ;  sources 
of,  46  ;  and  work,  47 

Hoar  frost,  218 

Hydrogen,  75 

Hygrometers,  200 


Ice,  barrier,  195;  bay,  194; 


MEA 


calf,  194  •  drift,  190 ;  ground, 
58  ;  marine,  190,  192  ;  pack, 
'QO'  194 ;  pancake,  104  j 
sailing,  194 

Icebergs,  193  ;  Antarctic,  196 

Ice-blink,  190  ' 

Ice-field,  190,  194 

Ice-foot,  igt 

Ichthyosaurus,  265 

Igneous  rocks,  112,  136  ;  clas- 
sification of,  143 

Impenetrability,  17 

Inclination,  276 

Inertia,  12 

Intermittent  springs,  243 
Internal  temperature  of  the 

earth,  155 
Isobars,  208 
Isoclinic  lines,  276 
Isogonal  lines,  275 
Isotherms,  213 


Kepler's  laws,  307 
Kinetic  energy,  40 
Krakatoa,  eruption  of,  160 


Lacustrine  delta,  236 
Land  breezes,  215 
Landslips,  244 
Lapilli,  160 
Latent  heat,  60 
Latitude,  297 

Latitudes,  high,  213;  low, 
213 

Lava,  13;;,  138  ;  streams,  161 

Libra,  point  of,  293 

Light,  aberration  of,  306  ;  dis- 
tribution on  the  earth  of, 
316 

Lightning,  284 
Limestone,  96,  105,  123,  145 
Liquids,  29 
Loam,  120 
Lodcstone,  268 
Longitude,  297 
Longitudinal  valleys,  234 


Magnet,  permanent,  272 ; 
temporary,  272 

Magnetic  needles,  270;  in- 
duction, 272 

Magnets  and  magnetic  sub- 
stances, 273;  natural  and 
artificial,  26G ;  poles  and 
neutral  lines  of,  269 

Malleability,  33 

Marble,  96,  124,  145 

Mariner's  compass,  277 

Marl,  121 

Mass,  14 

Matter,  definition  of,  4 
Maximum  thermometer,  51 
Mean  solar  day,  294 ;  tempe- 
ratures, 212 
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MEA 

Measurement  of  angles,  ago  ; 

of  time,  294 
Mercury  thermometer,  50 
Meridians,  93 

Metallic  elements,  71  ;  veins, 
90 

Metaniorphic  rocks,  113,  144 
Method  of  finding  meridian, 

300 
Mica,  94 
Micrometer,  327 
Mineral  springs,  241 
Minerals,  89 

Minimum  thermometer,  51 
Minute,  290 
Mist,  219 
Mixtures,  79 
Molecule,  27 
Momentum,  243 
Moraines,  248,  249,  253 
Moulins,  249 

Murray  on  coral  reefs,  128 


Nature,  meaning  of,  i 

Needles,  186 

N^ve,  246 

Niagara  Falls,  233 

Night  and  day,  length  of,  306 

Non-crystalline  rocks,  114 

Non-raetallic  elements,  71,  72 

Nimbus,  220 

North-east  passage,  189 

North-west  passage,  189 

Nummulites,  266 


Obliquitv  of  ecliptic,  313 ; 

change  of,  315 
Obsidian,  139 

Ocean,  colour  of,  185  ;  tempe- 
rature of,  181-184 ;  currents, 
181 ;  floor,  depth  of,  179, 
180  ;  form  of,  180 

Oceans,  175 

Orbit  of  the  earth,  307 

Ores,  90 

Organic  rock  materials,  103 
Organically    formed  rocks, 

115,  122 
Oxidation,  73 
Oxides,  73 
Oxides  of  carbon,  78 
Oxygen,  72 


Pack  ice,  190 
Pateocrystic  sea,  189,  194 
Parallax,  306,  324 
Pass,  234 
Peat,  129 
Pen'lulum,  292 
Perched  blocks,  251 
Perihelion,  307 
Petrifying  springs,  132 
Phenomena,  2 

Physical      and  chemical 
changes,  80 


SEA 

Physiography,  meaning  of, 
I.  3 

Plane  defined,  291 
Plutonic  rocks,  136,  140 
Polar  distance,  293 
Polar  lights,  289 
Poles  of  magnet,  269  ;  reci- 
procal action  of,  271 
Porosity,  p 

Porphyritic  granite,  140 
Potential  energy,  40 
Potholes.  233 
Precession,  325 
Progress  of  life,  266 
Properties,  general  and  spe- 
cific, s 
Pteropods,  187,  188 
Pumice,  139,  160 


Quartz,  88,  92 
Quartzite,  146 


Radiatton,  65,  66 

Radiolaria,  177;  ooze,  187,  188 

Rain,  221  ;  action  of,  231  ; 
distribution  of,  223 

Rainfall,  causes  of,  223 

Rain  gauge,  222 

Rainy  seasons,  224 

Raised  beaches,  173 

Ravines,  233 

Reaction,  70 

Refraction,  323,  329 

Regelation,  57,  247 

Regions  of  extreme  dryness, 
225  ;  great  rainfall,  225 

Return  shock,  285 

Revolution  of  the  earth,  297, 
298,  299 

Right  ascension,  293 

Rime,  218 

River  terraces,  235 

Rivers,  work  of,  232 

Roches  moutonnees,  249 

Rock,  85  ;  formations,  264  ; 
periods,  264  ;  salt,  100,  133 

Rock-forming  minerals,  91 

Rocks,  materials  of,  86  ;  posi- 
tion and  arrangement  of, 
151 ;  stratified,  108,  112,  264 

Rotation  and  revolution, 
effects  of,  301,  308 

Rotation  of  the  earth,  302 


Salt  lakes,  133 

Sandstone,  87,  116,  117 

Scoriee,  137,  160 

Sea,  175  ;  action  of,  on  earth's 
crust,  186  ;  colour  of,  185 ; 
depths  of,  179,  180 ;  tempe- 
rature of,  181-184  ;  breezes, 

Sea-water,  composition  of, 
176  ;  density  of,  178  ;  frozen, 
192;  saltness  of,  177 


TEM 

Seasons,  317  ;  rainy,  224 
Second,  290 

Sedimentary  rocks,  115,  116, 

264 
Selenite,  98 

Shadow  cast  by  the  stm,  306 

Shale,  n6,  119 

Sinter,  135 

Slate,  147 

Sleet,  227 

Sludge,  194 

Snakestones,  265 

Snow,  226 

Snow-line,  227 

Soil,  150 

Solids,  29 

Solstices,  310 ;  determination 
of,  313 

Solution,  30,  3 1  ;  saturated,  30 
Sounding  apparatus,  179 
Soundings,  i88 

Specific  capacity,  63  ;  gravity, 
22  ;  gravities,  tables  of,  23  ; 
heat,  63 

Sphere,  celestial,  291 

Sphere,  definition  of,  291 

Springs,  237  ;  brine,  241 ;  cal- 
careous, 241  ;  chalybeate, 
241  ;  deep-seated,  239  ;  dip, 
238  ;  ferruginous,  241  ;  in- 
termittent, 243  ;  mineral, 
241 ;  submarine,  242  ;  sur- 
face, 238  ;  thermal,  241 

Stalactites,  96,  t.^2  ' 

Stalagmites,  96,  132 

Stars,  circumpolar,  302  ;  daily 
appearance  of,  303  ;  yearly 
changes  in  appearances  of, 
310 

Strain,  32 

Strata,  inclined,  152 
Stratified  rocks,  108,  112,  264  ; 

history  of,  264 
Stratus,  220 
Streamers,  289 
Stream-line,  255 
Stress,  32 
StrisE,  249 

Submerged  forests,  174 

Subsidence,  172,  174 

Sun,  daily  changes  in  ap- 
pearance of,  304 ;  diurnal 
changes  of,  314  ;  source  of 
energy,  43  ;  yearly  changes 
in  appearances  of,  297  ; 
changes  in  declination  and 
R.  A.  of,  312 

Sun-dial,  295 

Syenite,  140 

Synclinal  curves,  152 

Synthesis  of  water,  76 


Telescopes,  319 

Temperature,  48  ;  depends  on 
height  above  sea-level,  214  ; 
horizontal  distribution  of, 
214;  of  air,  211  ;  of  sea,  181,. 
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182,  183,  184  ;  relation  of,  to 
latitude,  213;  vertical  dis- 
tribution of,  214 

Temperatures,  Antarctic,  197 ; 
deep  sea,  183  ;  mean,  212 

Tenacity,  33 

Terrigenous  deposits,  187 

Thermal  springs,  241 

Thermometer,  48  ;  construc- 
tion of,  49  ;  uses  of,  52 

Thunder,  286 

Time,  equation  of,  309 

Time,  measurement  of,  292, 
30s 

Torricellian  vacuum,  203 
Trachyte,  139 
Transit  circle,  322 
Transverse  vallrys,  234 
Travertine,  96,  132 
Trilobite,  266 
Tropics,  310 


Unstratified  rocl<s,  109, 
III,  112;  classification  of, 
143 


WAT- 

VALLEV-making,  233 

Valleys,  longitudmal,  234 ; 
transverse,  234 

Variation,  275  ;  diurnal,  275  ; 
secular,  275 

Vernier,  326 

Vertical,  19 

Vertical,  prime,  293 

Volcanicash,  160  ;  ashes,  137  ; 
blocks,  160;  bomb,  160; 
eruption,  cause  of,  162 ; 
—  phenomena  accompany- 
ing. 159 ;  —  products  of, 
160;  —  signs  of,  158  ;  moun- 
tains, structure  of,  163 ; 
rocks,  136 

Volcano,  157 

Volcanoes,  errors  about,  165  ; 
number,  position,  and  dis- 
tribution of,  166 

Voltaic  electricity,  287  ;  ele- 
ment or  couple,  287 

Volume,  14 

Water,    chemical  compo- 


ZON 

sition  of,  76  ;  expansion  of, 
57  ;  specific  heat  of,  64 

Water-parting,  232 

Watershed,  232 

Water  vapour,  estimation  of, 
200 

Waters,  glaciers,  250  \ 
Weather,  256  ;  charts,  256 
Weight,  13  ;  atomic,  70 ;  com- 
bining, 70 
Wells,  artesian,  240 
Winds,  59  ;  influence  of  pre- 
vailing, 261 
Work,  39 


Year,  317  ;  civil,  317  ;  side- 
real, 317  ;  tropical,  317 


Zenith,  291 
Zenith  distance,  293 
Zodiac,  310 ;  signs  of,  310 
Zones,  298 


PRINTED  BY  WILUAM  CLOWES  AND  SONS,  LIMITED, 
LONDON  AND  BECCI^. 


ELEMENTARY  SCIENCE  MANUALS. 

Written  specially  to  meet  the  requiremeuts  of  the  Elemektary  Staqi 
OF  Science  Subjects  as  laid  down  in  the  Syllabus  of  the  Directory 
o/iAe  Science  AND  Art  Depautment. 


Practical    Plane    and  Solid 

Geometky.  Incliicling  Gniphic  Arilh- 
metic.  Hy  1.  H.  MoitRis.  Kully  Illus- 
trated.   Crown  8vo,  2s.  Gd. 

Geometrical  Drawing  for  Art 

Students.  Embracing  Plane  Geometry 
and  its  Applications,  tlie  Use  of  Scales,  and 
the  Plans  and  Elevations  of  Solids,  as  re- 
quired in  Section  I.  of  Science  Subject  I. 
By  1.  H.  Monuis.  Crown  8vo,  Is.  6d. 
Being  the  First  Part  of  Morris's  Practical 
Plane  and  Solid  Geometry. 

Text-Book  on  Practical,  Soijd, 

OR  Descriptive  Geometry.  By  David 
Allan  Low  (Whitworth  Scholar).  Part 
1.  Crown  8vo,  2s.  Part  II.  Crown  8vo,  3s. 

An   Introduction   to  Machine 

Drawing  and  Design.  By  David  Allan 
Low  (Whitworth  Scholar).  With  97 
Illustrations  and  Diagrams.  Grown  Svo,  2s. 

PuiLDiNG     Construction.  By 

Edward  J.  Burrell.  With  308  lUus- 
trations  and  Working  Drawings.  Crown 
8vo,  2s.  6d. 

An  Elementary  Course  op  Mathe- 
matics. Containing  Arithmetic ;  Euclid 
(Book  I.,  with  Deductions  and  Exercises); 
and  Algebra.    Crown  Svo,  2s.  &d. 

Theoretical    Mechanics.  In- 

cludingHydrostaticsand  Pneumatics.  By 
J.  E.  Taylor,  M. A.,  B.Sc.  (Lond.).  With 
numerous  Examples  and  Answers,  and 
175  Diagrams  and  Illustrations.  Crown 
Svo,  2s.  6d. 

Theoretical  Mechanics — Solids. 

By  J.  E.  l  AYLOR,  M.A.,  B.Sc.  (Lond.). 
With  163  Illustrations,  120Worked  Exam- 
ples, and  over  500  Examples  from  Exami- 
nation Papers,  etc.    Crown  Svo,  2s.  6d. 

Theoretical  Mechanics — Fluids. 

By  J.  E.  Taylor,  M.A.,  B.Sc.  (Lond.). 
With  122  Illustrations,  numerous  Worked 
Examples,  and  about  500  Examples  from 
Examination  Papers,  etc.   Cr.  Svo,  2s.  6d. 

A  Manual  of  Mechanics.  With 

J38  lUustrationf  and  Diagrams,  and  188 
Examples,  with  Answers.  By  T.  M. 
Goodeve,  M.A.   Fcp.  Svo,  2s.  6d. 

Sound,  Light,  and  Heat.  By 

Mark  R.  Wright.    With  160  Dingrams 
and  Illustrations.    Crown  Svo,  '2s.  6d. 
Physics.    Alternative  Course.  By 
Mark  R.  Wright.  With  242  Illustrations. 
Crown  8  TO,  2s.  6d. 

Magnetism  and  Electricity.  By 
a.  W.  Poyser,  M.A.  With  235  Illus- 
trations.   Crown  Svo,  2s.  6d. 


Problems  and  Solutions  in 
Elementary  -  ELECTRicirY  and  Mag- 
netism. Embracing  a  complete  Set  of 
Answers  to  the  South  Kensington  Papers 
for  the  years  1885-1894,  and  a  Series  of 
Original  Questions.  By  W.  Slingo  and 
A.  Brookkr.  With  67  llhiFtrations. 
Crown  Svo,  2s. 

Organic  Chemistry:  the  Fatty 
Compounds.  By  R.  Lloyd  Whiteley, 
F.I.C.,  F.C.S.  With  45  Illustrations. 
Crown  Svo,  3s.  Gd. 

Inorganic  Chemistry,  Theoretical 
AND  Practical.  By  William  Jago, 
F.C.S.,  F.I.C.  With  49  Woodcuts  and 
numerous  Questions  and  Exercises.  Fcp. 
Svo,  2s.  6d. 

An  Introduction  to  Practical 
Inorganic  Chemistry.    By  William 
/Jago,  F.C.S.,  F.LC.    Crown  Svo,  Is.  6d. 

Practical  Chemistry:  the  Prin- 

ciplesof  Qualitative  Analysis.  By  William 
A.  Tilden,  D.Sc.    Fcp.  Svo,  Is.  6d. 

Elementary  Inorganic  Chemistry. 

By  W.  S.  Furneaux.  Crown  Svo,  2s.  6d. 

Elementary  Geology.  By  Charles 

Bird,  B.A.,  F.G.S.  With  Coloured  Geo- 
logical Map  of  the  British  Islands,  and 
2-i7  Illustrations.    Crown  Svo,  2s.  6<i. 

Human  Physiology.   By  Williaji 

S.  Fdrnbaux,  F.R.G.S.  With  218  illus- 
trations.   Crown  Svo,  2s.  6d. 

A  Course  op  Practical  Ele- 
mentary Biology.  By  J.  BiDGooD,  B.Sc. 
With  226  Illustratioi:8.  Crown  Svo,  4s.  6d_ 

Elementary  Botany.    By  Henry 

Edmonds,  B.Sc.  London.  With  319  Wood- 
cuts.   Crown  Svo,  2s.  6d. 

Steam.  By  "William  Ripper. 
With  142  Dlustrations.  Crown  Svo,  2s.  6d. 

Elementary  Physiography.  By 

J.  Thornton,  M.A.  With  10  Maps  and 
173  Illustrations.  With  Appendix  on 
Astronomical  Instruments  and  Measure- 
ments.   Crown  Svo,  2s.  6d. 

Agriculture.  By  Henry  J.  Webb, 

Ph.D.  34  Illustrations.  Cr.  Svo,  2s.  6d. 

Hygiene.    By  J.  Lane  Notter, 

M.A.,  M.D.  (Dublin),  and  R.  H.  Firth, 
F.R.C.S.  With  93  Illustrations.  Crown 
Svo,  3s.  6d. 

Metallurgy.    By  E.  L.  Rhead. 

Crown  Svo,  3s.  6d. 


London:  L0:N'GMANS,  GREEN",  &  CO. 


TEXT-BOOKS  OF  SCIENCE. 


Photography.  By  Captain  W.  De 

WiVELKSLiE  Abnbv,  C.B.,  F.R.S.  105 
WoodcuU.    Fcp.  8vo,  3s.  6d. 

The  Strength  op  Material  and 
Strdcturrs.  By  Sir  J.  Andbrson,  C.E. 
&o.   66  Woodcuts.   Fcp.  8vo,  3s.  6d. 

Railway  Appliaxoes.  By  John 
Wolfe  Barky,  C.B.,  M.I.C.E.  218 
Woodcuts.    Fcp.  8vo,  it.  6d. 

Introduction  to  the  Study  of 

Inorganic  Chemistry.  By  William 
AiXEN  Miller,  M.D.,  LL.D.,  F.R.S.  72 
Woodcuts.   3s.  6d. 

Desobiptivb    Mineralogy.  By 

HiLAET  Baderman,  F.G.S.,  bo.  Witb 
236  Woodcuts.    Fcp.  8vo,  6s. 

Metals:  their  Properties  and 
Treatment.  By  C.  L.  Bloxaji  and  A. 
K.  Huntington.  130  Woodcuts.  Fcp. 
8vo,  5s. 

Theory  of  Heat.  By  J.  Clerk 
Maxwell,  M  A.,  LL.D.  Edin.,  F.R.SS. 
L.  and  E.  With  38  Illustrations.  Fcp. 
8vo,  4s.  6d. 

Practical  Physios.  By  R.  T. 
Glazebrook,  M.A.,  F.R.S.,  and  W.  N. 
Shaw,  M.A.  Witli  134  Woodcuts.  Fcp. 
8vo,  Is.  6d. 

Preliminary  Survey.  By  Theo- 
dore Graham  Gribblf,  Civil  Engineer. 
130  Illustrations.    Fcp.  8vo,  6s. 

Algebra  and  Trigonometry.  By 

William  Nathaniel  Griffin,  B.D. 
3s.  6d.  Notes  on,  with  Solutions  of  the 
more  difiBcult  Questions.  Fcp.  8vo, 
3s.  6(2. 

The  Steam  Engine.  By  George 
C.  V.  Holmes.  212  Woodcuts.  Fcp. 
8vo,  6s. 

Fleotricity  and  Magnetism.  By 

Fleeming  Jenkin,  F.R.SS.  L.  and  E. 
With  177  Woodcuts.    Fcp.  8vo,  3s.  6d. 

Introduction  to  the  Study  of 

Chemical  Philosophy.  By  William 
A.  Tilden,  D.Sc.  London,  F.R.S.  With 
5  Woodcuts.  With  or  without  Answers 
to  Problems.   Fop.  8vo,  4s.  6d. 


The  Art  of  Eleotbo-Metalluroy. 
By  G.  Goee,  LL.D.,  F.R.S.  AVith  66 
Woodcuts.    Fcp  8vo,  6s, 

Quantitative  Chemical  Analysis. 

By  T.  E.  Thorpe,  F.R.S.,  Ph.D.  With 
88  Woodcuts.   Fcp.  8vo,  4s.  Od. 

Qualitative  Analysis  and  Labo- 
ratory Practice.  By  T.  E.  Thoepi, 
Ph.D.,  F.R.S.,  and  M.  M.  Pattison  Mcie, 
M.A.  and  F.R.S.E.  With  Plate  ot  Spectra 
and  57  Woodcuts.   Fcp.  8vo,  3s.  6d. 

Elements  of  Astronomy.  ■  By  Sir 
R.  S.  Ball,  LL.D.,  F.R.S.  With  136 
Woodcuts.   Fcp.  8vo,  68. 

Systematic  Mineralogy.  By 
Hilary  Baherman,  F.G.S.  With  373 
Woodcuts.   Fcp.  8vo,  6s. 

Telegraphy.   By  W.  H.  Preece, 

C.B.,  F.R.S.,  M.I.C.E.,  and  Sir  J.  Sive- 
WRiGHT,  M.A.,  K.C.M.G.  25S  Woodcuts. 
Fcp.  8vo,  6s. 

Physical  Optics.  By  R.  T.  Glaze- 
brook,  M.A.,  F.R.S.  With  183  Wood- 
cuts.   Fcp.  8vo,  6s. 

Technical  Arithmetic  and  Men- 
suration. By  Charles  W.  Meerifield, 
F.R.S.  3s.  6d.  Key,  by  the  Rev.  John 
Hunter,  M.A.   Fcp.  8vo,  3s.  6d. 

The  Study  of  Rocks.  By  Frank 
Rutley,  F.G.S.  With  6  Plates  and  88 
Woodcuts.    Fcp.  8vo,  4s.  6d. 

Workshop  Appliances.   By  C  P. 

B.  Shelley,  M.I.C.E.  With  323  Wood- 
cuts.   Fcp.  8vo,  5s. 

Elements  of  Machine  Design. 
By  W.  Cawthornb  Unwin,  F.R.S., 
B.Sc,  M.I.C.E. 

Part  I.  General  Principles,  Fastenings, 
and  Transmissive  Machinery.  304 
Woodcuts.  6s. 

Part  II.  Chiefly  on  Engine  Details.  174 
Woodcuts.  Fcp.  8vo,  4s. 

Structural  and  Physiological 

Botany.  By  Dr.  Otto  Wilhelm  Thom6, 
and  A.  W.  Bennett,  M.A.,  B.Sc.,  F.L.S. 
With  600  Woodcuts.    Fcp.  8vo,  6s. 

Plane  and  Solid  Geometry.  By 
H.  W.  Watson,  M.A.    Fcp.  8vo,  3i.  6d, 


London:  LONGMANS,  GREEN,  &  CO. 


